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EDITORS’ PREFACE. 


Notwithstanding the large number ot scientific 
works which have been published within the last few 
years, it is very generally acknowledged by those who 
are practically engaged in Education, whether as 
Teachers or as Examiners, that there is still a want of 
Books adapted for school purposes upon several 
important branches of Science. The present Series 
will aim at supplying this deficiency. The works 
comprised in the Series will all be composed with 
special reference to their use in school-teaching; 
but, at the same time, particular attention will be 
given to making the information contained in them 
trustworthy and accurate, and to presenting it in 
such a way that it may serve as a basis for more 
advanced study. 

In conformity with the special object of the Series, 
the attempt will be made in all cases to bring out the 
educational value which properly belongs to the study 
of any branch of Science, by not merely treating of its 
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acquired results, but by explaining as fully as possible 
the nature of the methods of inquiry and reasoning 
by which these results have been obtained. Con- 
sequently, although the treatment of each subject 
will be strictly elementary, the fundamental facts 
will be stated and discussed with the fulness needed 
to place their scientific significance in a clear light, 
and to show the relation in which they stand to the 
general conclusions of Science. 

In order to ensure the efficient carrying-out of the 
general scheme indicated above, the Editors have 
endeavoured to obtain the co-operation, as Authors 
of the several treatises, of men who combine special 
knowledge of the subjects on which they write with 
practical experience in Teaching. 

The volumes of the Series will be published, if 
possible, at a uniform price of \s. 6d It is intended 
that eventually each of the chief branches of Science 
shall be represented by one or more volumes. 

G. C F., 

P. M. 



PREFACE. 


Of late years several books, intended to serve as in- 
troductions to the rudiments of botanical knowledge, 
have been published, but there is still a lack of works 
of an intermediate class between these and the more 
complete treatises addressed to advanced students of 
the science. Hence, mth the concurrence of the 
Editors of the Series in which it appears, it has been 
thought advisable to give to this volume a somewhat 
more advanced character than the Series generally 
is intended to have. It is hoped that, together with 
the volume on the ^Classification of Plants,' to be 
published veiy shortly, this work may serve as a basis 
for the botanical teaching in the higher classes of 
schools, and may also supply the wants of medical 
students and others who wish to acquire some know- 
ledge of Botany, either as a preparation for the further 
study of that science, or as a branch of General 
Biology. 

This volume is intended to place before the student 
the fundamental principles of the modem Morphology 
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and Physiology of Plants. It will be necessary, how- 
ever, in all cases for the teacher to supplement the 
instruction given by demonstrations from the objects 
themselves, as it is only by personal observation and 
practical work that the student can hope to obtain 
a sound knowledge of his subject 

In preparing this little book, ample use has been 
made of Sachs^ ‘Text Book of Botany,^ of Prantl's 
‘ Lehrbuch der Botanik,* and of Liierssen's ‘ Grund- 
zuege der Botanik.' To all of these I hereby make 
the most grateful acknowledgments. 

W. R. McNab. 


Royal College of Science, Dublin : 
January 5, 1878. 
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CHAPTER L 


THE CELL. 

Nature of the Cell. — Hie .simplest plant with 
whicli we arc acquainted, the yeast-plant for example, 
consists of a single minute vesicle inclosing semifluid 
albuminoid contents : this structure is called a cell. 
Other plants, at the beginning of life, likewise con- 
sist of only a single cell, whicli divides and forms new 
cells, until at last, by repeated subdivision, the body 
of the plant is composed of a mass of cells united 
to form ccll-t/ssuc. All plants consisting of cell-tissue 
form separate cells at some period of their life ; as 
for example pollen-grains and spores. Cells, whether 
separate or aggregated, have a regular life-history. 
They come into existence, increase in size, multiply, 
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and reach maturity; then their activity diminishes, 
and at last they die. When first formed, cells are all 
exactly similar in appearance. This does not long 
continue, because every cell having some definite 
function to perfonn, soon becomes modified and 
adapted to its special duty in the economy of the 
plant. When thus adapted, mature cells differ very 
much from each other, and still more from their own 
youngest state, in size, position, and function. 

When the cell has reached its stage of greatest 
activity, it consists of three concentrically arranged 
parts. At first only two (fig, i, a), or perhaps even 
only one, of these parts may be distinctly seen, while 
in the later stages of its life, when activity has ceased, 
again only one, or at most two, of the parts remain. 
In the mature cell the three parts are i, the firm, 
;>elastic, outer wall, the cell-wall (fig. i. abc,^). 2, 

the soft, inelastic, semifluid, albuminoid substance 
inside the wall called the protoplasm (fig. i, abc,/), 
in which is generally embedded a more solid rounded 
body, the nuclats (fig. i, abc,/^); and 3, the watery 
fluid occupying the centre, the cell-sap (fig. i, bc, j). In 
the young condition celbsap is diffused through the 
protoplasm and cell-wall, a certain amount of water 
being absolutely necessaiy" for the life of both, As 
the cell grows, the cell-sap also increases, forming 
drops or vacuoles i, b, .y ), w’hich ultimately coalesce 
to produce the central cavity, without diminishing 
the quantity diffused through the protoplasm and 
wall In some cases the cell in its youngest con- 
dition has no ; hence in its simplest state a 
cell may be a mere wall-less mass of protoplasm, 
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! activity ceases, the protoplasm disappears entirely, 

, the wall and cell* sap alone remaining ; or a further 
change may take place, as in cork cells, where only 
the walls are left, the cavity being filled with air. 

'fhe cdl is the ultimate organ or structural element 
• of the plant; the most important part of the cell is the 
protoplasm. On its presence depends the activity of 
the cell ; without it new cells cannot be formed, nor 
can new chemical compounds be elaborated. I'he 
substance of the cell-wall is formed by the protoplasm, 
which also furnishes the new material necessary for 
its growth. During the life of the cell many changes 
occur in the wall, such as increase in its size and 
thickness and modifications in its chemiailcom]x>sition, 
all depending on the activity of the protoplasm. In the 
protoplasm itself important changes take i)lace. Thus 
it may divide and form new cells : or special granular 
contents, as starch, orcoloured materials, as chlorophyll, 
nuiy be develo[>ed. l.astly, the substance.s n hich either 
exist in .solution in the cell-saj>, or may cry.stallise out 
of it, arc all j)roducts of the activity of the protoplasm. 

The Cell- wall (fig. i, ahc, //). — A t first many 
cells are destitute of a wall, and consist of naked 
masses of protoplasm, to which the names of wall -less 
or primordial cells have been applied. By the 
activity of the protoplasm, the .substance of the cell- 
w’all is elaborated and gradually separated, appearing 
on its surface as a fine, completely clo.sed skin, 
without visible openings, but easily permeable by water 
and gases. The thin walls of young cells consist chiefly 
of a i>eculiar substance called cellulose (Cg O5) 
isomeric with starch. Cellulose occurs in a nearly 
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pure state in the hairs of cotton. It is coloured blue 
by the action of sulphuric acid and iodine, or hyj 
Schultz's solution, and thus differs from starch, which/ 
is at once coloured blue by iodine. In addition tOj 
the cellulose there exists in the cell-wall a small quan-i 
tity of mineral matter or ash, and a considerable/ 
quantity of water. 

After the formation of the wall the dimensions of 
the cell rapidly increase, and generally the wall be- 
comes thicker. The grmvth of the wall takes place 
by the intussu section of new material, new molecules 
being deposited between the pre-existing ones. 'Fhe 
wall consists of molecules of cellulose and mineral 
matter, each molecule surrounded by a layer of water. 
As the protoplasm and wall are saturated with im- 
bibed water, it is easy to understand how, when 
new material for the wall is elaborated by the proto- 
plasm, it can be conveyed by the layer of water and 
the new molecules placed between those already 
existing. By the intussusception of new materials 
the wall grows either in size or thickness or in both. 
During growth in thickness the new material may no, 
longer be cellulose, but some modification of it ; orj 
considerable quantities of mineral matter may be/ 
deposited. 

Grmvth of the cellwall . — WTien first formed, the 
cells are generally small in size ; and if subsequent 
growth l>e inconsiderable, the cells may remain very 
minute during their whole life. In most cases, how- 
ever, they grow \'erv greatly in size, and at the same 
time cimnge their form. Growth in size is rarely quite 
regular^ TO^at the cell seldom retains its original form 
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In general, growth is irregular or locals being limited 
to certain parts of the wall Thus, cells alter their 
shape during growtli and assume the varied forms 
^seen in the higher plants; the elongated pointed 
j)rosenchymatous bast-cells, and star-like parenchy- 
matous cells, affording very good examples. Local 
Igrowth of the cell-wall is seen in the formation of 
root-hairs from the epidennal cells of roots, or in the 
growth of the pollen- tube from the pollen -grain. 
Gro^vth in thickness generally accompanies growth 
in size, and may be either regular or irregular. 
Regular thickening is rare, while irregular thicken- 
ing is very common, and gives rise to the markings 
seen in the interior of cells. When cells are separate 
and free, or on the surface of the plant, thickening 
may be external (centrifugal thickening), as well as 
internal (centripetal thickening), and it is by external 
thickening that the markings on spores, {>ollen-grains, 
and the exterior of some seeds are produced. The im- 
portance of growth by intussusception is at once seen 
in external thickening of cells, because there, no in- 
crustation or deposition of new" matter can possibly take 
place. 

The irregular thickening is the cause of the pecu- 
liar sculpturing so characteristic of the W'alls of tissue- 
cells. The centripetal thickening may assume the 
form of rings, or of a spiral thread, or of reticulations, 
and the ceils are in consequence called annular, 
spiral, or reticulated. Often the thickening matter 
is very feebly attached to the wall, and the rings 
or spirals can be readily separated. In other cases 
the characteristic appearance is due not to the 
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thickened but to the unthickened parts, which remain 
as pits of different forms. The chief fonns of pitted| 
markings are the jjrdinarx. bjOEdeifiii pits, and/ 
^larifprm markings. Simple pits are shallow! 
cylindrical depressions, 
generally placed rather 
close together, the spaces 
between the pits consist- 
ing of the thickened part 
of the wall. In some 
cases the pits are very 
deep and may branch ; 
they are then distin- 
guished as canals, the 
depth being due to the 
great thickness of the 
cell-wall. Bordered pits 
of large size are seen 
in the wood of pine- 
tree.s (fig. 2, tf, /"), and 
small bordered pits exist 
in many flowering plants. 

In the bordered pit the 
depression is not cylin- 

drical but funnel-shaped, Bordered pits, / f t’\ Increkslngf in age ; 
being widest at the bot- 

tom where the wall is left X t?hs.T''“ 

unthickened, and nar- 
rowest above. Looked at from above, the contracted 
circular opening appears as a small pit, while the ex- 
panded lower part forma a circular border, hence the 
name (flg. 3, c, d). In the bordered pits of cycads 




8 


Morphology of Plants. 



Bordered piis, wood-cells of Pinns 
syhtstris. Diagnminiatic. (After 
.^achs.j 


the ‘ pit * is an elongated narrow opening instead of 
being circular like the ‘ border/ When both ‘border ' 

and ‘pit’ are greatly 
elongated and narrow, 
then the marking called 
sea lari form is produced. 
1'lie sealariform mark- 
ings occur typically in 
the ferns and lycopods/ 
In cell-tissue with pit-1 
ted markings, the mark- 
ings on both sides of 
the common wall accu- 
rately correspond. This 
is shown in bordered 
pits ; and, owing to the 
absorption of the unthickened jiart of the wall, by 
the removal of the particles of cellulose, a passage 
is formed from one cell to the other. At first the 
cavity of the bordered pit is like a plano-convex 
lens, the plane side towards the wall ; but after 
absorption of the wall it is shaped like a double 
convex lens. Partial absoqition of the wall of the 
cell is not uncommon. By complete absorption of 
the transverse walls separating elongated cells joined 
in rows, a cell-fusion^ or wood-vessel is produced. 
When the transverse walls are pitted and absorption 
! of the unthickened parts takes jdace, then the sieve- 
\v€sstl or bast-vessel is fonned Openings in cells as 
in those of the leaves of sphagnum are ])roduced by 
absorption of portions of the wall. It sometimes 
happens^ when pitted cells are next large cell-fusions, 
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that, the pressure of the cell- sap in the pitted cell 
not being counterbalanced by the pressure of the air 
in the vessel, the unthickened part of the cell-wall is 
pressed into the vessel. Protoplasm is carried over, 
and the newly formed sac-like protrusion may divide in 
its new position. Abnormal cells thus formed in the 
interior of cell-fusions are called Tyloses, and occur in 
the vine and other stems. 

As the cell-wall increases in thickness a peculiar 
striation is often observed. 'I'he striation is due to thei 
alternation of more and less watery layers, the mole-/ 
cules of solid substance being either constant or ofj 
different sizes. The .striation of the starch granule is! 
due to the same cause. "Hie ultimate molecules, as! 
shown by Naegeli, are jirobably crystalline, and are 
known to be doubly refracting, and to have two optic 
axes as shown by polarised light. 

During the growth of the cell-wall changes in its 
chemical comjxisition often occur, either partially or 
completely. I’hese are, first, the ligneous or woody 
change ; secondly, the suberous or corky change ; 
and thirdly, the mucilaginous change. In the first, 
the wall become.s woody as in tl^ wood of the stem 
of forest trees, easily permeable by water, without 
swelling up to any considerable degree. Wood is; 
coloured yellow by sulphuric acid and iodine or by 
Schultz’s solution, is dissolved in concentrated sub^ 
phuric acid, and swells up in ammoniacal solution of 
cupric oxide. In the second, the wall becomes wholly 
or partially converted into cork, the wall is elastic, T>ot 
easily permeable by water, and is coloured yellow by 
sulphuric acid and iodine or by Schultz's solution, 
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cork is dissolved by nitric acid and potassium chlorate, 
or by boiling caustic potash. In cork>cells the wall is 
entirely changed, while in spores, pollen-grains, and 
epidermal cells the outer part only is changed, the 
inner part being unaltered cellulose. The third or 
mucilaginous change renders the walls soft and gela- 
tinous ; they become hard and horny when dried, but 
swell up enormously when placed in water. Sulphuric 
acid and iodine, and Schultz’s solution generally 
colour the walls blue. This change is seen in the cells 
of Fucaceje, and in Laminaria, and in the endosperm 
of Ceratoniajind Gleditschia. 

Mineral matters are often deposited in large 
quantities, uniformly throughout the wall. These are 
generally either silica or calcium carbonate. .If the 
walls containing silica be burned, the perfect silicious 
skeleton remains behind, or the vegetable matter may 
be removed by the action of strong mineral acids. 
iSilicii is largely developed in the cell-walls of diatoms, 
j leaves of beech, and stems of equisetums. Calcium 
carbonate occurs amorphous in corallines, and in the 
k^essels of Cucurbita. ^V^len in crystals it forms the 
cystolithes of the Indian rubber and Acanthaceae. 
Crystals of calcium oxalate occur in the walls of the 
cells of Welwitschia, Dracaena, and in many fungi. 

> Degradation-products of the cell-wall are often of 
* importance. Such a product is the gum of the 
cherry-tree formed by the degradation of the walls of 
vessels or special cells in the wood parenchyma. 
Gum arable, gum Senegal, and gum tragacanth all owe 
their origin to degradation of the cells in the stem, 
pith, or medulkny rays, Gum resins as myrrh and 
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bdellium, and the resin of Xanthorrhoea, have a 
similar origin. 

ProtoplAfim (fig. I, — The protoplasm 

consists of a mixture of albuminoids, water, and a 
small quantity of mineral material or ash. It is a 
very complex substance, and contains, at some time 
or another, all the chemical constituents of plants. 
When dead it can be coloured by carmine, the 
colouring matter passing through the wall of the cell 
without colouring it, and deeply staining the proto- \ 
plasm. It gives the chemical reactions of albumen 
or white of egg, coagulating at a temperature of about 

Cent., or when alcohol or dilute mineral acids are 
applied. Iodine .colours it brown, by the deposit of 
particles of iodine, and concentrated sulphuric acid 
renders it rose-red. Protoplasm is a soft mass, varying 
in consistency according to the quantity of water pre- 
sent in it, buCit,isjQ^ver a true fluids In general it is 
granular, and contains large particles of matter such as 
starch granules, or globules of oil. Rarely it is homo- 
geneous and transparent When granular, a delicate, j 
homogeneous, external, firmer, bounding layer may he 
[detected, the ectoplasm or primordial utricle. 

In the interior of the protoplasm numerous 
vacuoles form (fig. i, BC,r). The water, which satu- 
rates the whole wall and protoplasm, increases in 
quantity during growth and collects to form these 
vacuoles. As the cell grows and more water ac- 
cumulates, the vacuoles increase in size and number, 
until by their coalescence the protoplasm remains as a 
sac lining the interior of the cell -wall, and sending 
protoplasmic threads in various directions across the 
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cavity (fig. i, bc, p). Ultimately these threads dis- 
appear, and all the vacuoles coalesce to form a large 
central cell-sap cavity (fig. i. c). If dilute nitric acid 
be now a[)plied to the cell, the protoplasm contracts 
and separates from the wall. Contractile vacuoles, 
from which the fluid suddenly disappears and slowly 
rcvappears, exist at the anterior end of some zoospores 
! of the lower algae. 

In the cells of most of the higher plants, there 
exists a more solid rounded body, the nucleus (fig. i, 
ABC,^), but it is often wanting in the lower ones. It 
is always embedded in the protoplasm, and is a part 
of it. In the nucleus one or two, or sometimes more, 
granules are often noticed, called the nucleoli (fig. i, 
ABC, ^X’). Vacuoles also occur in it 

Living protoplasm often exhibits peculiar move- 
ments. 'Fhese may either take place when the proto- 
plasm is inclosed in a cell-wall, or when it is w^ll- 
• less. All the movements depend on the action of 
flight, heat, and oxygen upon the living j)rotoplasm. 
I'he movements occurring inside cell-walls are of 
two kinds. In the first the granules in the proto- 
])lasm are seen flowing from one part to another in 
a regular stream, genendly. to.. nucleus. 
'Ihis is seen in many hairs, as in those of the 
stamen of Tradescantia, or the stinging hairs of 
the nettle, and is distinguished as the movement of 
cirmleUioHy the granules circulating as it were in 
the protoplasm. In other cells the whole proto- 
plasmic sac moves, canning with it nucleus and 
jgranular contents, all of which rotate in the ceR, 
and dowathe otheyr This 
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movement is distinguished as rotathm,, and is seen in 
the cells of the Vallisneria and Anacharis. The move* 
ments of wall-less masses of protoplasm are also of 
two kinds. I'he first, or ciliary motion, is seen in 
;i00gonidia or zoospores, tKe whole cell moving about 
rapidly by means of prolongations of the ectoplasm, 
the vibratile cilia. In the second, the mass of proto- 
plasm not only changes its position, but changes its 
external form, and from the similarity of the movement 
to that seen in Amoeba or the white blood corpuscle, 
the motion is called amoeboid. It occurs in the 
amceboid stage of the MyxoTnycetes, a group of the 
Zygosporeai. 'Fwo other movements have recently 
been described. 'Fhe aggregation of the protoplasm 
of the cell into rounded masses, constantly changing 
their fonn and position, as seen in the cells of car- 
nivorous plants (tentacles of Drosera) during the 
absorption of nitrogenous matter. 'Fhe last move- 
ment is tliat described by Francis Darwin, namely 
the protrusion of filaments of protoplasm, having 
amoeboid movements, from llie cells of the glandular 
hairs of Dipsacus sylvestris, 

Formatioii of new cells. — One of the most imi)or- 
taut functions of living protoplasm is the formation of 
new cells. The whole ora part only of the protoplasm 
of a pre-existing cell becomes rearranged and assumes 
a new form, the first or mother-cell forming one or more 
daughter- cells, 'rhere are several dift'erent modes of 
cell-formation, but we may best cojisider two grou{>s 
with subordinate divisions. 

I. Formation of vegetative cells — J n growing vege- 
tative organs new cells are formed by division (fig, 13)^ 
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the whole mass of the protoplasm dividing into two 
new cells which may be equal or unequal in size. 
In the place of the nucleus of the mother-cell, which 
dissolves and disappears, two new nuclei form, the 
masses of protoplasm do not become rounded or con- 
tracted, and the new wall forms between the two 
parts, either simultaneously, or in a ring-like manner, 
from the circumference to the centre. 

II, Formation of reproductwe cells , — inhere are 
several different ways in which the cells connected 
^with the j)rocess of reproduction are formed, and they 
i are all distinguished by the rounding and contracting 
of the protoplxsm. The new wall forms on the whole 
surface of the daughter-cells, and this may take place 
when the cell-formation is going on, or after it has 
been completed. We may distinguish four varieties 
of formation of rei)roductive cells. 

i . Division . — The entire protoplasm of the luother- 
cell divides into four or more rounded masses. In 
the pollen grains of the higher plants and in the spores 
of mosses and vascular cryptogams, the nucleus of 
the mother-cell becomes dissolved, four new nuclei 
ap})ear, around which the protoplasm aggregates to 
font! the four new cells, and these are then liberated 
from the mother-cell The wall develoi)es around 
each of the daughter-cells, either during or after 
division. In other cases the protoplasm breaks up 
into many daughter-cells, which escape as wall-less 
zoospores or zoogonidia in many Thallophyta, and 
after some time elapses, each becomes surrounded by 
a cell- wall 

whole mass of protoplasm 
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Fig. 4. 



Pesim cmvexHla. 

A, section of plant ( x so); h, hymentusn, wkh a«ci ; b, portion of hymenium 
( X 530) ; «*-/. asci, with spores forminir bv fioee-ceil formation in different 
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of the mother-ceil contracts and escapes from the wall 
as a new daughter-cell which afterwards developes a 
' wall. The germ-cell of many cryptogams, and the 
zoospores of Vaucheria, CEdogonium, and Stigeo- 
clonium are formed in this way. 

3. Free- cell formation , — The ascospores in the asci 
of the Ascomycetes (%. 4, ^a~f) and the germinal cells 
and endosperm cells in the embryo-sac of phanerogams 
are thus formed. Portions of the protoplasm of the 
j motlicT-cell become rounded, separating from the 
I general mass and developing walls while the rest of 
I the protoplasm of the still living mother-cell remains 
^ behind. 

s. 



A, cells i»» c<'njugatiot> ; *r., uf t>roti>plasm gantg on ; A, c<'m 

pleic ; h, young zygospc*r«s ( x 550). (After SachN. ) 

4. Conjugation , — Conjugation differs from all the 
other modes of cell-fonnation, in that or more 
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masses of protoplasm unite together, becoming con- 
tracted and rounded, a wall then forming round the 
new daughter-cell or zygospore (fig. 5, ab). This 
mode of cell- formation is characteristic of the class 
Zygosporeae. 

In plants, two or more modes of cell-formation 
may be observed either at the same or at different 
times. It will be noticed that by division and free- j 
cell formation the number of cells is increased ; ! 
in rejuvenescence the number remains the same, ' 
while in conjugation the number is actually dimi- - 
nished. 

Substances contained in Protoplasm. — The proto- 
plasm forms granular and coloured contents which are 
extremely important in the economy of the plant. 
Some always remain imbedded in the protoplasm, and 
disappear with it; while others may remain in the cell, 
but no longer increase in size or number after they 
have ceased to be in contact with protoplasm. The 
most important substances contained in the protoplasm 
are ejWorpphyll, crysUllojds, aleu/one grains, fS. and 
starch. 

Chlorophyll. — It is on the presence of chlorophyll 
in the cells that the green colour of plants depends. 
The chlorophyll of the. higher .^apts jn thg form 

af^gj^ul£S.X6g* 6 a), in certain cells of such parts as 
the leaf and younger portions of the stem. The 
:hlorophyU granule consists of two parts; a colourless | 
iolid portion derived from the protoplasm, giving the/ 
granule its consistence, form and size ; and a green! 
x^louring matter, the chlorophyll, which is diffused! 
hrough and colours the granule. The colour can be 
u c 
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Chlorophj'H Ktanulfrs in cells of leaf of 
/W^iriVr ^yi;;rom€tric<i (x 550). 

A , granules of chlorophyll, with contained starch 
jfrains imbedded in the protoplasm the 
ceils ; B, separated chlorophyll granules ccm- 
taming starch ; «, f>, young granules ; ff, 
chlorophyll gnuittles dividing : c, ♦/, c. old 
chk»t)phyll mmuies ; /, granule swollen up 
by action of water; g. stmeh granules re* 
tuaming after chlorophyll BeStroyed by ac- 
tion of w^ter. (After Sachs. ) 


readily removed in 
solution by the ac* 
] tion of benzole, 
chloroform, or alco^ 
* hoi, the colourlessi 
I protoplasm granul^ 
remaining behind,^ 
unaltered in size or 
shape. The solu- 
tion is bright green 
by transmitted, and 
red by reflected 
light The spec- 
trum shows seven 
absorption - bands, 
the strongest being 
between the lines 
c and 1) of the so- 
lar spectrum. The 
chlorophyll gran- 
ules are formed byl 
t h e protoplasm,] 
and always remain' 
imbedded in it 
Like the cell-wall, 
the granules grow 
by intussuscepti<Hi 
of new matter de- 
rived from the pro- 
toplasm and have 
been seen to mul- 
tiply by division^ 
as in the leaves ; ’ 
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protonema of mosses, asd the prothajli^ of ferns (% 6, 
B, b\ b"). When the plant is deprived of light or etio - 1 
lated, the granules form, but not the green colouring 
matter. The same occurs when the plant is deprived 
of iron as a constituent of its mineral food, the plant 
being then chlorotic In the lowest pknts the chloro- 
])hyll does not occur in granules. Sometimes the 
whole protoplasm is unifonniy coloured {Pkurococms) 
while in others we have stars {Zygn^na), plates, 
Closterium) or spiral bands {Spirogyra\ giving a very 
characteristic appearance to the cells. In many of 
the lower plants containing chlorophyll, a colouring 
matter, probably a modification of chlorophyll, is 
present in the cell-sap, completely obscuring the former. 
It is to the presence of red {phycocrythrin) olive-green 
{phycophaein or melatwphyll) or bluish {phycocyan or 
phycochrome) colouring matter, that the red, olive-green 
and phycochromaceous algse owe their colour. As 
the chlorophyll is not soluble in cold fresh water, while 
the other colouring matters are, they can easily be 
removed and the green colour brought into view. In 
many of the higher plants a red sap exists in the 
epidermal cells, concealing the colour of the chloro- 
phyll-bearing cells below. Ihe com posi tion of chloro- 
j^yll js unknown. In autumn the chlorophyll granules 
in some deciduous plants become dis.solved, and only 
a few yellow granules remain behind to be got rid of 
when the leaves fall. During the ripening of fruits, 
changes take place in the dilorophyll, the green colour 
in many cases giving place first to yellow and then to 
red The chlorophyll is intimately connected with 
the nutrition of the plant. The process of assimilation 
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or the fixing of carbon })y plants, depends on the 
action of chlorophyll on carbon dioxide in presence 
of water under the influence of sunlight When ex- 
f posed to light the chlorophyll grains develop starch 
6, K, /), which can be readily brought into view 
iby the ai)plication of iodine solution. The starch 
{formed during the day under the influence of sun- 
i light is dissolved during the night, and used either 
for purposes of growth, as in the division and enlarge- 
ment of cells, or it is removed and stored up for 
future use in some reservoir. 

Crystalloids . — In the cells of many plants, as for 
example the tt^rs.pf thej^^ and in fatty seeds, 
as the iBrazil.jiut, and castor oil, 
cr)^stal-like bodies (fig. 7) are to 
be met with, often in abundance. 
I'hey assume the form of cubes, 
octohedra, tetrahedra, and rhom- 
bohedra, and are readily distin- 
guished from tnie crystals by 
the^r not having very definite 
Cciiofendospermof (and clearly defined angles and 
(x"S^n’dUuS giywS'.'* iedges, and by their swelling up 
wXTr'ytZdt altering their angles when 
(After Si')' placed in_dilju te. causllc_J2gfash. 

The ciy^stalloids are seen when a 
transverse section of the endosperm of the castor- 
oil seed is placed in dilute glycerine and ivater. 
f Crystalloids are exceedingly minute, and seem to be 
portions of protoplasmic matter which have assumed a 
icrystablike fbnm Sometimes coloured crystalloids are 
to be met with, as in the petals of Viola and Orchis. 




Alenrone Gratfts. It i 

A /euro fte Grains 2Lre rounded grains of small size (fig. 
8, a) imbedded in the protoplasm of many seeds, and 
appearing shortly before ripening. The grains consist 
of albuminoid substances, and often contain crystal- 
loids (fig. 7), or peculiar rounded bodies (fig. 7) called 
globoids, consisting of a cQnibination of phosphoric 




Cells of cotyledon of Fknm Pea (x 8<x>). 

St, starch granules with central hilum and concentric striie ; a, granules of 
aleuronc : i, intercellular spaces. (After S;tcha.) 

^i^wiUp lime and magnesia. Cells containing aleu* 
feme grains are best observed in strong glycerine. 
Aleurone grains arc soluble in caustic potash. The 
globoids are insoluble in caustic potash but soluble in 
dilute acids, as acetic acid. In the cells of the 
cotyledon of the pea, starch grains occur along with 
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many aleurone grains, in the very thick protoplasm 
filling the cell. In the fatty seeds of the castor oil, 
globoids occur with crystalloids in the aleurone grains. 
Fat often occurs in protoplasm, and may apparently 
take the place of starch in the chlorophyll granules as 
the first product of assimilation. 

Starch occurs abundantly in the cells of most 
plants at some period of growth. It is generally in 
the form of granules, varying in shape, being com- 
monly oval, rounded, or lenticular (fig. 9, a). When 
acted on by boiling w^ater, caustic })Otash, or other 
reagents, the grains swell up and form a paste. In 
appearance the granule is a transparent body marked 
at one part with.a-bla.ck spot called the hilum, and 
having concentric lines called the striae encircling the 
hilum (6g. 8, st\ d'he starch granule only grows as 
long as it is embedded in the protoplasm. At first it 
is a minute solid homogenous body, which grows by 
the intussusception of new matter, the wall of the 
granule consisting of alternating layers of more and 
less watery substance, giving rise to the characteristic 
striation. 'fhe hilum is the most watery part and 
appears darkest. The striation of the cell-wall already 
mentioned depends on the same cause as the stria- 
tion of the starch granule. 

^ The stiirch granules consist of starch -substance, 
water, and a very small quantity of mineral matter, or 
t ash. The starch -substance belongs to the group of 
the carbohydrates like cellulose, and has the same 
chemical composition. It can be separated into 
two substances called granjalose and starch-celluji^^ 
the latter forming only from two to six per cent, 



Starch. 


n 


of the grain. The granulose is readily soluble in 
dilute imneral acids and saliva, the starch-cellulose 
remaining behind as a skeleton (fig. 9, / g\ By 
applying iodine solution the granulose is at once 


Fig. 9, 



Cel! o( endosperm of mnis^ Maize (x 800), i hiii plates of 

proloplasni separating the jK>lygona! starch grains. 

grmules from germinating seed of maize becoming dissolved and 
disintegrated. (After Sachs.) 

coloured blue, while the skeleton of starch-cellulose 
becomes brown. 

Some grains have only one hilum, others have two 
or more ; the former are simple, the latter compound 
grains, both kinds occurring in the potato. When the 
chlorophyll grains develope starch granules, the 
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granules are generally minute, numerous, and often 
aggregated together. The starch formed in the 
chlorophyll grains becomes redissolved after its for- 
mation, and the substance is conveyed either to 
those parts of the plant where new cells are being 
fonned, or to some reservoir of nutrient materials, 
where it is stored up for future use. Although the 
starch granule only grows when in contact with the 
protoplasm, it may be stored in cells from which 
the protoplasm has almost disappeared; but it is 
generally in cells rich in protoplasm, as in the coty- 
ledons or endosperm of seeds. When germination 
takes place, the starch granules change their appear- 
jance, and the starch undergoes chemical changes. 

I I'he change in appearance is due to the absorption of 
. the granulose, the starch-cellulose skeleton remaining 
1 behind, to be, however, ultimately dissolved (fig. 
9 . a-g). 

Starch is very widely distributed in plants, and the 
granules often assume a characteristic form and size. 
The starch granules of the potato and pea are oval in 
form, the former having one lateral hilum, occasionally 
two or more, while the latter have a central hilum. The 
granules of wheat starch are lenticular with a central 
hilum, while those of rice are exceedingly minute. 
Peculiar starch grains occur in the laticiferous cells 
of Euphorbia (fig, 30). The difference in the size and 
appearance of the starch granule is often of import- 
ance in medico-legal questions. 

Cell-sap (fig. I, B, c). — The cell-sap, as al- 
ready mentioned, saturates the whole of the cell- 
wall, and protoplasm, and all the bodies contained in 
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it, and also fills the vacuoles and the centre of the 
protoplasm sac Many substances elaborated by the 
protoplasm remain in solution in 
it, as also mineral matters taken q 


up in solution from the soil ; 
others separate in definite forms. 
The substances that remain in 
solution are certain mineral salts, 

; cane and ^rape sugar^ tanpin and 
the glucosides, inuline, the vege- 
' table acids, such as citric and 
I malic, and numerous colouring 
matters, such as the red and blue 
colours of many flowers (antho- 
cyan) and of fruits. Certain mineral 
salts often crystallise out natu- 
rally, and other substances can be 
rendered visible by proper treat- 
ment, as when inuline crystallises 
out after the prolonged action of 
alcohol. 

Crystals in cells and cell-walls. 
— The substances which crystallise 
out of the cell-sap may either form 
their crystals in the cavity or in 
the wall of the cell. These crys- 
tals sometimes consist of cak:ium 
phosphate, but generally of calcium 
oxalate, those of the latter salt be- 
.ing of two different forms. When 
fthe calcium oxalate cr^'stallises with 
! six equivalents of water, prisms and 



Cryjit.'il.H of calciutr. 

late in the cell wall. 
IVehvitsihm mirain- 
/«, (After Sachs.) 
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octohedra belonging to the dimetric system are formed: 
when only with two equivalents of water, then in 
raphides or needle-like crystals, belonging to the 
monoclinic system. Raphides often occur in large 
bundles in elongated cells filled with cell-sap but 
with no protoplasm. Most frequently the prismatic 
or octohedral crystals occur in groups in the interior of 
the cell, but in the cells of many Coniferae and Gnet- 
acese, as Welwitschia mirabilis (fig. lo), crystals of 
calcium oxalate occur in the outer layers of the 
thickened wall of the cell, in which case they are of 
small size and very numerous. 

, Ciy stals of calcium carbonate occur only very 
barely. They are met with in the protoplasm of the 
, Myxomycetes. In the cell -walls of the Urticacese, 
such crystals have been long known under the name 
of cystolithes. In the leaf of the India-rubber the 
cystolithes are bunches of crystals projecting into 
the cavity of a large cell or lithocyst, and suspended 
by a narrow neck which attaches the mass to the 
\vall. 

The calcium oxalate is a secondary product of 
metastasis, the excess of calcium taken up from the soil 
being thus got rid of. 
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THE TISSUES. 

Aggregation of Cells to form Tissues. — Every 
aggregation of ceils governed by a common law of 
growth may be termed a tissue. Tissues generally 
consist of cells formed by the rei)eated division of one 
or more mother-cells, the daughter-cells being in 
connection from the beginning. These arc true 
tissues. In some cases the cells are separate and 
coalesce to form a fiilse tissue. A false tissue may 
also be formed by the interlacing of rows of hyphae 
threads, as in lichens and fungi. 

Cells may occur singly, but tliey are generally 
united together in various ways. The following arc the 
chief varieties : — i. Cell -masses are formed when the 
cells are united in all directions of space, the whole not 
necessarily having any definite external form. As 
examples we may cite the tissues of large funguses, 
the ground tissue of ferns and monocotyledons, the ])ith 
of dicotyledons, the pulp and hard endocarjxs of fleshy 
fruits. 2. Cell-rows have the cells in contact by 
their ends, thus producing a filament Many thal- 
lophytes consist of cell-rows, as Spirogyra, QEdo- 
gonium, and the hyphae of funguses ; many hairs, the 
vessels or cell- fusions in the fibre -vascular bundles, 
and the laticiferous vessels are examples occurring in 
the higher plants. 3. Cell-surfaces have the cells 
forming a single layer united in two directions of space. 
Examples of cell-surfaces are afforded by Ulva and 
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other thallophytes, and by the leaves of some 
liverworts. In the higher plants cell- surfaces also 
occur, as the epidermis and the layer of cells separating 
the air-spaces in the stems of Nuphar and Musa. 
4, Cell-bundlf^^ a band or bundle of similar cells, as 
seen in Rhizomorpha, and in many of the Florideje, 
or in the bundles of sclerenchyma in ferns, or the 
bast fibres in the phloem of dicotyledons. 5. Cell’ 



'JVaiisvcrsc se<^oii pf siein of Zitt man (x 530). Siiccuitrni parcucliynia. 

gru, Vtrnpie plate of cellulose, fonning the partition wall bcttveen two cells. ; 
a, s, mtercellular spaces caused by splitting during mpid growth. (After 
SacKs. ) 

r,— Families of similar cells, as in many of the 
thallophytes, as Chroococcus, or groups of cells oc- 
curing in the tissues of higher plants, as the scleren- 
chyma in the pulp of the pear, or in corL 6. Sepa^ 
rate cells, either originally separate or becoming so 
during grow th ; or single remarkable cells occurring 
in the tissues of the higher plants. Many of the 
lower plants consist of separate cells or idioblasts, and 
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the curious star-like cells in the stems of Nuphar 
also belong to the same group. W’hen cells are 
originally joined, and then isolate themselves, they 
may be distinguished as eremoblasts. 

Walls of Tissue-cells. — The wall between two 
cells appears at first as a simple plate of cellulose (fig. 
ii). As it grows older and becomes thickened, 
chemical and physical changes may occur, so that 
ultimately there appears to be a middle lamella and a 
thickened part of the wall on each side (fig. 12). 
The middle lamella is not a 
special structure or a variety 
of intercellular substance, but 
only a specially formed part 
of the common w'all. The 
middle lamella generally re- 
tains its original cellulose 
composition, and can be dis- 
solved by the action of potas- 
sium chlorate and nitric acid, 
the modified parts separating 
from one another. The mark- 
ings on cell- walls generally 
occur symmetrically on each 
side of the middle lamella, 
the pores on one side corre- 
sponding to the pores on the other, except in the case 
of spiral, annular and reticulated markings. 

The walls of tissue-cells may, under certain cir- 
cumstances, become wholly or partially absorbed. 
Partial absorption is seen in border^ pits and in sieve- 
vessels* Complete absorption occurs frequently in 





Cells of wood of young stem of 
flelianthust Sun-flower (x 800). 
/, cavity of cell ; vt, middle la- 
mella ; ». thickened fK>rtion8 
of wall < After Sachs.) 
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the transverse walls separating cell-rows in the higher 
plants, and a cell-fusion, or true vessel, is formed. 
Milk- vessels afford good examples; these also fre- 
quently branch and anastomose. 

Intercellular Spaces . — After the rapid growth of the 
thin cell- walls, the middle lamella often exhibits minute, 
approximately triangular, spaces, w^here the walls of 
cells meet (fig. ii). These are minute intercellular 
spaces, and are met with abundantly in certain tissues. 
When the splitting of the middle lamella is carried to 
the furthest possible extent, the cells separate, as in 
many ripe fruits. In other cases the middle lamella 
splits between two or more cells, and a large inter- 
cellular space is ])roduced. The large intercellular 
spaces are called lacunae, and like the minute ones 
above mentioned contain air. l^acunse are seen in 
many water-plants, as in N uphar. I n tercellular spaces 
must not be confounded with large air-cavities met 
with in the hollow stems of equisetums, grasses, and 
Umbelliferae, fonned by the nipturing and drying up 
of masses of tissue. Resin and gum-canals of Um- 
belliferse, Afaliaceae (fig. 33), and Coniferae are true 
intercellular spaces. The intercellular air-spaces are in 
connection with the stomata of the epidermis, thus 
permitting the passage of gases into the plant. 

Fomit and Systems of Tissuea — Meristem tissue 
is one in which the cells are capable of dividing, certain 
of the cells forming new ones, while others are being 
converted into permaftrfU tissue (%. 13). Permanent 
tissue is the name given to that form in which the cells 
are no longer capable of division. Meristem cells are 
small and nearly similar in appearance ; they have thin 
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smooth walls, and are filled with protoplasm. Two 
varieties of meristem may be distinguished, called 
primary and secondary. 

Primary meristem forms 
the whole tissue of very 
young organs, or parts 
of organs, as the apex 
of the root and stem, 
and the youngest leaves, 
also the whole of the 
young embryo. It is 
from this primary meri- 
stem that all the tissues 
are differentiated. Se- 
condary meristem oc- 
curs in organs along 
with permanent tissue, 
usually in thin layers 
from which new perma- 
nent tissue is formed. 

kinds; of <;prnnd- Cells of stem of 300). 

1 nree Xinus 01 secona- Mcmtcm cells in process of division. 

ary meristem may be >{•, nucleus; divUUng./j; fully divided, 
distinguished, i. Cam- (After 

bium between the phloem and xylem of the fibro- 
vascular bundles (fig. 22 c). 2. Interfascicular cam- 

bium between the cambium forming bundles (fig. 22 
cb)y and 3, phellogen or cork cambium (fig. 18). Per- 
manent tissue is formed by the further development 
of those cells of the primary and secondary meristem 
which have lost the power of dividing and assume 
some permanent form. Many different kinds might be 
mentioned, but it will be sufficient to distinguish two 
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well-marked varieties, differing in the form and con- 
nection of the cells. The first is distinguished as 
parenchyma (fig. ii). The cells 



are more or less cubical, the length 
not exceeding the breadth ; the 
transverse walls broad, possessing 
intercellular spaces, where the walls 
meet, and generally having thin 
walls. I’he second is prosenchyma 
(fig. 14). The cells are always 
much longer than they are broad ; 
the ends are tapering and overlap- 
ping, the walls are thick, and no 
intercellular spaces are to be met 
with. When the walls of both 
prosenchyma and parenchyma 
become very thick, hard, and fre- 
quently dark -coloured, then from 
this hard nature of the wall the 
tissue is distinguished as sclerm- 
chyma. In the higher plants, both 
ineristem and permanent tissue 
are to be met with at the same 
time, and also different forms of 
the two groups. The different tis- 
sues arrange themselves in these 
higher plants into three groups or 
systems, i . The Epidermal or 


Knd of a b«st cell, pros, tury System, which bounds or limits 
the body of the plant externally 


Apex pomte^j ; wall much (fig. 1 ; 2. The Fibto- vasculat 

thickened and |^ted. ' » ^ > 

Aftei^Pranti) system, }>eTmeatmg the plant- 
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Epidermal or Limitary Tissues. 

body like strings, and consisting largely of fibre-like 
prosenchymatous cells, and vessels (fig. 15 /) ; and 3. 
The Ground or Fundamental System which fills up all 
the rest of the space inside the epidermal tissues (fig. 
X 5, g). These three systems of tissues are to be met with 
in the full-grown parts of the higher plants (fig 1 5, efg)^ 
but in the young 
parts, those still 
in the condition 
of protomeristem, 
this differentiation 
is not yet seen. 

As the tissues are 
traced backwards 
from the growing 
point every transi- 
tion from proto- 
meristem to com- 
plete separation of 
the three systems 
may be noticed 
The Epidermal 
or limitary Tis- 
sues (flR. I C). — Transvenic section of petiole of 

\ ( X 20), showing the three systerai. of tissues. 

In the lowest >4 1 , rw t 

t’, epidermal ; /, nbro-vaacular : x, xylem ; c, b. 
plants the outer soft ba«t ; b, bast fibres ; ground 

* , or fundamental tissue. (After Prantf.) 

layer cannot be 

readily distinguished from the ground tissue, and it 
consists of slightly modified superficial cells of that 
ground tissue. In the higher plants there is a well- 
marked external layer called the epidermis. It covers 
almost all the younger parts of the plant, and 
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consists of a single layer of cells without any inter- 
cellular spaces, but having, in most cases, special 
openings called stomata. The epidermis can generally 
be separated as a fine transparent skin. It is usually 
a cell-surface, one cell thick, but in a few exceptional 
cases, as in the India-rubber leaf, the originally simple 
epidermis divides into two or more layers, the outer 
layer retaining the ordinary epidermal character. A 
special modification of the epidermis is seen in the 
aerial roots of some orchids, often distinguished 
under the name of velamen and formed by the re- 
peated division of the epidermal cells. In many 
water-plants, and in roots, the epidermis hardly differs 
from the subjacent cells. On the parts of plants ex- 
posed to the air, as stems and leaves, the epidermis 
forms stomata^ and often hairs. The epidermal cells 
rarely contain chlorophyll, but frequently have 
colouring matter in solution in the cell-sap. The 
epidermal cells vary in shape, but generally the 
form has some relation to the part on Avhich they are 
developed. Leaves which grow greatly in length 
have the epidermal cells elongated ; when the leaves 
are not elongated the cells may be more or less 
rounded, or have sinuous margins. The outer wall of 
the epidermal cells generally becomes partially sub- 
erous ; the corky jxution forms a continuous layer, 
the cuticle, which covers the whole epidermis. 
Particles of wax are embedded in the cuticle of many 
])arts of plants, and appear on the surface in the form 
of fine grains, producing a bluish coating, as the bloom 
on a plum or grai>e, or they may collect in quantity, 
as on the cuticle of the fruits of the candleberry myrtle 
i^Myri{a\ or the stem of the wax-palm. 
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Fig, 1 6, 


Siomata are openings in the epidermis admitting 
air into the interior of the plant, or permitting gases 
and aqueous vapour to escape. They are in connection 
with intercellular spaces (fig. i6), air-cavities, and the 
air-bearing canals. Each stoma consists of two guard 
cells formed by the division of one of the epidermal 
cells. The guard cells are usually semilunar in form, 
and have an opening or intercellular space between 
them, formed by the splitting of the middle lamella. 
Stomata open or 
close according to 
the intensity of the 
light, by the curv- 
ing or straighten- 
ing of the guard 
cells. Sometimes 
the guard cells 
are surrounded by 
two or more cells 
differing in appcar- 

iransi 

of Ifyacinthus oriental is ( x 800). 

cells of the epi- epidermal cells, with thickened outer wall and 
- . „ ^ cuticle ; parenchyma of leaf ; f, air*8pace ; 

dermis. Stomata s, opening of the stoma lictwcen the two guard 

r 11 cells right and lelt. (After Sachs,) 

are found on all * 

parts of plants above ground, rarely on parts under 
water, and never on roots. They are very numerous 
on the leaves, generally on the undersurface, but 
sometimes equally on both sides, as in many mono- 
cotyledons. The number of stomata vaiies much in 
different plants, there being occasionally from 300 to 
700 in a square millimetre. 

Hairs (fig. 1 7) are formed by the epidermis, being 



ance from the other epidermis and stonia of leaf 
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usually outgrowths of single epidermal cells (fig. 1 7, 
ef). A hair may consist of a single cell (root-hairs) 
or by division may become a cell-row (stamen of 


Fig. 17. 



Tmiwverse section of epidermis and subjacent 
tissue of ovary of CucutHta ( x lo^. 


Tradescantia) a 
cell - surface ( dry 
scaly hairs of 
ferns), or a cell- 
mass (the spiny- 
hairs or prickles of 
the rose). Such 
cell-masses arise, 
not from an epi- 
dermal cell alone, 
but from a cell 
of the subjacent 
tissue in addition, 
and are, on this 
account, some- 
times distiguished 
as * emergences.* 
When the hair 
forms a terminal 
cell- mass, by the 
division and en- 
largement of the 
cells at the apex, 


a, hair of a row of cells ; b, d, glandular hairs 
in different stages of development ; c, f, *, 
youngeat stages of developmwt of glandular 
hairs. (After Prantl.) 


a glandular hair 
is formed. Star- 
like hairs are not 


uncommon j the papilla formed by the epidermal cell 
divides transversely, the upper part again divides and 


forms the rays of the star. The contents of the cells of 
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many liairs disappear, the cell-walls become much 
thickened and coloured, and mineral matter, as silica 
or calcium carbonate is deposited. Stinging hairs, as 
in the nettle, are placed upon a protuberance formed 
by the tissue below the epidermis, and are distin- 
guished by the secretion of an acrid fluid. Special 
glandular hairs, called colleteres by Hanstein, secreting 
a mixture of mucilage and resin (blastocolla), are 
developed on the buds of dicotyledons (^sculus), or 
on leaves, stipules, or the sheath of the leaf. The 
varieties of hairs are very numerous, and different 
names have been given to special forms. 

Secondary Limitary Tissue , — Parts of plants which 
are of long duration or which increase greatly in dia- 
meter, as the stems of dicotyledonous trees and the 
tuber of the potato, soon lose their epidermis, and a new 
or secondary limitary tissue, generally arising from the 
ground tissue, takes its place. The new tissue is very 
rarely formed from the epidermis itself, but generally 
from the tissues immediately below. It consists of flat- 
tened or brick-shaped cork-cells, arranged regularly in 
rows, and placed parallel to the surface of the part on 
which they are developed (fig. 18). The cells are filled 
with air, the walls give the reaction of cork and are 
nearly impermeable by water. Cork cells are gene- 
rally first formed by tangential division of a row of 
cells at some distance below the epidermis (Ribes, 
Ailanthus), new cells forming on the inner side of the 
corky layer from the cork cambium or phellogen (fig. 
18), In exceptional cases, as in Salix, the cork deve- 
lopes fr’om the epidermis, and in Populus, from the 
cells immediately below it. As a result of the growth 




TransvenMS section of oue-ycar oW stem o{ Ailantkus ^iauduhsus (x 350). 

t% epidermis withered; k, cork -cells, formed by the inner cells with proio- 
piasm, the cork cambium or phellogen ; r, inner green cells, the phello- 
derma, (After Frantl) 

bearing cells are developed on the inner (deeper) side 
of the phellogen or cork cambium, and form a layer 
called the phelloderma (fig. i8, r). I'he cork cam- 
bium forms new annual rings, as the ordinary cambium 
forms rings of wood, a condition seen in a transverse 
section of cork. On the massive trunks of dicoty- 
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ledonous trees, layers of cork fonii at different depths, 
not only in the ground-tissues, but occasionally in 
the fibro-vascular tissues themselves. All tissues ex- 
ternal to the layers of cork, die and dry up, forming a 
strong, hard, massive, protecting tissue, the bark or 
rhytidome completely surrounding the inner living 
tissues. The nature of the bark varies in different 
trees, and frequently gives a characteristic appearance 
to the trunk. The bark may scale off or be marked 
with deep longitudinal furrows, depending on the cir- 
cumferential growth of the stem, and on the arrange- 
ment of the cork cells and bast of the fibro-vascular 
bundles. In an ordinary tree, the youngest twigs are 
covered by the epidermis, the young branches by 
periderm, and the trunk by the true bark; all the 
three stages depending on the age of the part. 

Lenticeis , — In some plants small masses of cork- 
cells form under the epidermis at a very early period, 
and give rise to peculiar brownish spots. These were 
formerly supposed to be glands, and are known by 
the name of lenticeis. 

The Fibro-vascnlar Tissues (fig 15, /).— In the 
higher plants bundles of cells and vessels are to be 
met with in the ground tissue of the stems, leaves, 
and roots. These are generally known as the vascular 
bundles, or more correctly, as the fibro-vascular 
bundles. When certain of the cells of the fibro- 
vascular bundles become hard and woody, the bundles 
are easily separated from the surrounding tissue ; but in 
many water plants, wood is either not developed at all, 
or only so very imperfectly, that the bundles are softer 
than the surrounding tissue, and cannot be isolated. 
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In its earliest stage, the fibro-vascular bundle 
becomes separated from the protomeristem as a string 
of similar cells, which are generally elongated, and 
have no intercellular spaces. This meriscem tissue, 
which has not yet begun to differentiate into the 
various permanent forms, is called procamhium. As 
the bundle grows older, the procambium gradually 
becomes converted into permanent tissue, the vessels, 
wood, and bast cells. In some cases the whole 
of the procambium becomes changed into perma- 
nent tissue, but in others, as for example in tlie 
bundles of the stems of dicotyledons, a zone of cells 
capable of dividing remains between the outer and 
inner portions of permanent tissue. This meristem 
zone is called the cambium, and upon its presence the 
further development of the bundle depends. The 
bundles containing cambium being capable of further 
growth, are called open or indefinite ; while those with 
no cambium, as in monocotyledons, are incapable 
of further growth, and are called closed or definite, 

Xylem and Phloem . — The permanent tissues of the 
fibro- vascular bundle can be divided into two groups 
(fig. 1$, X and b). In one group, the walls of the cells 
generally become ligneous, hence the wood of the 
stem is developed there. In the other the bast-fibres 
and soft bast are developed, and in reference to these 
two characteristics, we may call the two parts, the 
wood and bast portions, or, using Naegeli’s terms, 
xylem and phloem. In closed or definite bundles, 
no cells capable of division remain beri^^een the 
phloem and xylem, but in open or indefinite bundles, 
a layer of secondary meristem, the cambium, exists. 
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By the activity of the cambium, new or secondary 
xylem is periodically formed on the one side, and new 
phloem on the other. The newly formed xylem and 
phloem often differ from that developed directly from 
the procambiiim, hence it is necessary to describe the 
kinds of cells met with in closed bundles and in open 
bundles, before the latter are modified by the activity 
of the cambium. 

Both the xylem and the j)hloem parts of the 
bundle consist typically of tliree kinds of cells. The 
xylem (fig. 19), consists of i. Celbfusions or vessels, 
the woody tubes, which are variously designated, 
according to the special form of the markings 
on their thickened cell-walls, as spiral, annular, 
reticulated or porous. 2. Elongated, narrow, pros- 
enchymatous cells with overlapping ends, the woody 
fibres or wood prosenchyma; and 3. A variable 
quantity of parendiymatous cells, the wood paren- 
chyma. The xylem of the fibro-vascular bundle thus 
consists essentially of three sets of cells, viz. the 
wood vessels, the wood prosenchyma, and the wood 
parenchyma. In the same way the phloem also con- 
sists of three sets of cells, i. The bast-vessels or 
cell-fusions, (sieve vessels fig. 20) with thin walls, 
filled with mucilaginous contents, but having the 
transverse walls thickened and perforated with fine 
open pores. 2. The bast fibres, or bast prosen- 
chyma, long, much thickened, flexible, prosenchy- 
matous cells, and 3. Bast parenchyma, thin-walled 
parenchymatous cells. Thus the phloem with its 
phloem vessels, phloem prosenchyma, and phloem 
parenchyma, is a repetition of the same parts met 
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with in the xylem. The phloem vessels and paren- 
chyma having very thin walls can be readily distin- 

Fjg. ao. 



tratisveys« view of sieve-like wall ; sieve-plate on side wall ; x, thin 
spaces or large pores ; 4 large TOres, longitudinal section ; ps, contracted 
{Ectoplasmic contents (lifted on transverse septum at »p ; still in contact 
at if) ; t. iMurescbyma between steve-tttbes. (After Sachs.) 
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FtG. 21. 



Transverse section of fibm-vascular bumile of Zea muis ( x 550). 

thm-walleti paiwchyma of g^round-tissue of, /», outer and, inner part of 
stem, with thick-walled prosenchymatotis ground-tissue internal to it ; 
» e, large pitted vesiiels ; r, spiral vessel ; r, isolated ring of annular 
1 : A air-cavity ; t', camlnfonn tissue or sk^ bash <After £adu.) 
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guished from the thick-walled bast-fibres, and the 
terms soft bast and cambifonn cells are often used 
to include the two thin-w^alled elements. One or 
more of the six elements just mentioned may be 
wanting, and in the xylem and phloem the parts may 
be variously arranged. The structure of the bundle 
not only varies in different plants, but in different 
parts of the same plant. In ferns, a transverse sec- 
tion of the closed fibro-vascular bundle shows the 
xylem portion in the middle, surrounded completely 
by the phloem, which consists chiefly of soft bast. In 
grasses, (fig. 21) and in many other monocotyledons, 
the xylem is placed internally or towards the centre of 
the stem, and the phloem externally, while in aspa- 
ragus the xylem surrounds the central phloem. The 
open bundles of dicotyledons (fig. 22) have the xylem 
and phloem placed side by side, the xylem inside, 
the phloem outside, the two parts being separated by 
the cambium. In Cucurbitaceae and Solanacese, an 
additional phloem bundle exists inside the xylem. In 
the ferns and lycopods, and in some monocotyledons, 
where the phloem completely surrounds the xylem 
the bundles may be called concentric, while many 
monocotyledons and dicotyledons have collateral 
bundles, the two portions xylem and phloem lying 
side by side. Concentric bundles are closed while 
collateral bundles may either be closed and isolated, 
or open and the xylem united, to form a cylindrical 
mass, surrounded by a ring of cambium, and then a 
ring of bast, as in pines and dicotyledons. 

In roots the two parts of the fibro-vascular bundles 
are differently arranged (fig. 23), The xylem often 



secUuH of hyjxjcotyledonarj' portion of &tcni of 


r, r, cortical parcnchjTna, with sheath of fibro-voscxilar bundles, the cellts 
conUinmg stanch granules ; yr, phloem ; ba$t*fibres ; v, soft bast * 
n, cambium, fasacuhr ; ti, cambium, interfascicular : /, xytcm ; £. lanr* 

pitted vessels ; t, small pitted vessels, with wood proseach^ oiid 
parenchyma between them ; m, pith. (After S.schs.) 
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consists of separate portions, the older part externally, 
the younger towards the centre of the stem. Between 
the older parts of the xylem, the phloem (hg. 23,///) 


r Mi. i* V 



Transverse section of root of A conn calamus, 

s, sheath of fibro-vascular bttntUcs or endodermis, with gronnil jjaren- 
chyma of the cortex ontstde and sinjjk* layer of cells (pericambium) jnside; 
/, bundles of xylem alternating with bundles of pnlocnij /A ; large 
young vessels of xylem ; //, the narrow’ peripheral vessels. (After Sachs.) 

is placed, so that the xylem and phloem parts al- 
ternate. The whole is surrounded by a special layer 
of cells (except in Equisetum) called the pericambium, 
the layer from which new roots arise. In young or 
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very thin roots, there exists a central mass of fibro- 
vascular bundles, with or without a pith and deve- 
loped from the plerome, (See Part II., p. 148.) 

The Ground or Fundamental Tissues. — The 
ground or fundamental tissues (fig. 15), include all 
the internal masses of cells inside the epidermis, re- 
maining over after the 
fibro- vascular bundles 
are formed. Very dif- 
ferent kinds of cells 
are met with in the 
ground tissue, and 
special modifications 
generally occur in 
those parts which are in 
contact with the cells of 
the epidermal system, 
on the one hand, and of 
the fibro-vascular sys- 
tem on the other. The 
hypoderma (fig. 24), is 
that portion of the 
ground tissue in contact 
with the inner side of 
the epidermal tissues. 
The hyi^oderma often consists of thickened cells, either 
parenchymatous or prosenchymatous. In the petioles 
and stem of many dicotyledons the hypoderma con- 
sists of rather narrow’ jmrenchymatous cells, having 
large thickened masses at the angles where the cell- 
walls meet. This form has been distinguished as 
coUenchyma (fig, 25). In other cases, as in the stems 



Margin ol leaf ol t'lnm /imtsUr, trans- 
verse section ( x 800). 

c, cuticular layer of outer wall of epider- 
mis ; i, inner non-cuticulariseti layer : 

thickened outer wall of marginal 
cell ; hypoderma of thickened 

cells : 4^, the middle lamella ; the 
thickening layers ; /, parenchyma with 
chloroph^l : contracted protoplasi- 

mic contents, (After Sachs ) 
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of Equisetum and in the leaves of many pines, the 
hypoderma is prosenchymatous, the cells being greatly 
elongated and scler- Fig. 25. 

enchymatous. These 
cells have often been 
mistaken for bast- 

fibres. The portion ^ V V 

next the fibro-vascu- 
lar bundles is gene- 
rally modified to form 

the sheath of the fibro- ^ 

vascular bundles or 

endodermis. In palms 

and grasses the closed J n 

bundles are surround- /? 

ed by a more or less ^Vv— / 

massive sheath (fig. 

V r I 11 j Transverse section of petiole of Breonia 

21) of tlliCk- walled ( x 550), showing ^tdermis (e)j with 

prosenchymatous 

cells. In Dicotyle- 

dons a single layer of Sachs.) 

cells (fig. 22) forms the endodermis, and it is in contact 
with the bast portions of the bundles. The rest of 
the ground tissue, which forms, as it were, a padding 
between the other tissues, is distinguished as the in- 
termediate tissue. Generally this is parenchymatous 
with intercellular spaces. In the leaf the inter- 
mediate tissue is distinguished as the mesophyll, 
the cells all having chlorophyll in their protoplasm, 
while in roots, stems, and succulent fruits the inter- 
mediate tissue is colourless. In different parts of 
the ground tissue sclerenchymatous cells occur eithei 


Tran.sverse section of petiole of Begonia 
(x 550), showing epidermis \f), with 
cuticle and hypoderma, consisting of 
collenchymaiou.s cells id) with ihick-r 
ened angles (v ) ; ckl, chlorophyll gran- 
ules ; A parenchyma of intermediate 
tissue of leaf. (After .Sachs.) 
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in groups, as in the flesh of the pear, or as idioblasts 
as in the leaves of Abies bifida, or in hard strings as in 
the petioles of Pteris ; or massive sclerenchymatous 
tissue of uniform texture is formed, as in the stones of 
drupaceous fruits. In dicotyledonous stems, the pith, 
inner cortical tissue, and the primary medullary rays 
between the fibro- vascular bundles, all belong to the 
ground tissue. 

Secondary circumferential growth in stems and 
roots. — Young parts which grow in length also grow 
in breadth, until all the cells of the part have assumed 
their full size. The growth of the difierent tissues in 
breadtli is often not uniform, the external tissues 
increasing more in circumference than the inner; 
hence the inner tissues are ruptured, and hollow stems 
are the result, as in Grasses, Umbelli ferae, kc. In 
the stems and roots of most Cryptogams and Mono- 
cotyledons, the parts grow' in breadth, only until all the 
cells have passed into the permanent condition, no 
new cells forming in the tissues of the full-grown part. 
In other ca^s, as in Dicotyledons and Gymnos])erms,a 
secondary circumferential growth of the stem and 
root tiikes place. In the Monocotyledons, Dicotyledons, 
and Gymnosperms we may distinguish three types of 
secondary circumferential growth. 

Type I. Tree Liliaceae (fig. 26). In the Liliaceae 
of the genera Aloe, Dracaena, Yucca, Beaucarnia, 
and l.omatophyllum, the stem increases in diameter 
by the formation of a meristem layer in the ground 
tissue which developes new grourtd tissue and new 
closed fibro-vascular bundles. The new bundles form 
an anastomosing net outside the true stem bundles* 
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In Dracaena similar circumferential growth occurs in 
the roots. 

Type IL Stems of Gymnosperms and Dicotyle- 





T ransverse Kection of fiitna ut J^racwna^ near apex- 

epidermis ; k, cork : r, cortical portion of groimd tissue ; h. fibro* vascular 
bundle to leaf ; fti, ground tissue of centre of stem ; fibrovaseuw 
bundles ; 4*, merisrem zone, developing ncM' fibro*vascuiar bundles ) 
and new ground tissue (jt/). (After Sachs.) 

dons (fig. 27). The fibro- vascular bundles in the stem 
are open, with cambium between the xylem and the 
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Kir;, i.7. 



ramrtiic view of ihe 'Structure of a dicotyledonous stem with circum^ 
fcremia! growth, as seen in transverse section. 

A. M, a, ground tissue forming piih (M>and cortex (r), the external ring 
representing the epidermis. i>ix hbrt> va.scular bundles separate, — jt, the 
xyiem, and p the phloem of each bundle. 

Jff, okler {Stem ; the bundles now united by cambium ring of fascicular (yir) 
and inteiiascicular ({< ) cambium ; /■, the primary ba{»t-hbres of the 
phloem. 

Ct still older stem. By the aettvitv of the c imbium new wood and bast ha.s 
been formed, /h^ wood formed by fascicular cambium ; if A, wood fortned 
by interfancicuiar cambium ; ifp. tnterfascicuJar phloem ; x, y. oiedtdiary 
sneath. 'llic shaded upper part shows medullary rays. (After Sachs, 
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phloem, the young bundle having vessels, paren* 
chyina, and prosenchyma, as already described 
(fig. 22). The secondary circumferential growth of 
the stem entirely alters the constitution of the bundles. 
Generally the open bundles are arranged in a circle, 
as seen in a transverse section (fig. 27 a), 'i'he 
bundles are not quite close together, a small ^[uantity 
of ground tissue remains between them, forming the 
primary medullary rays. The cells of the ground tissue 
now form secondary raeristem which bridges over the 
space between the cambium layer of two bundles 
(fig. 27 B, ii). The cambium of the bundle may be 
distinguished as the fascicular cambium (fig. 27 «,/<:), 
and that forming in the ground tissue, the interfasci- 
cular cambium, the whole constituting the cambium 
ring. The cambium ring now separates the ground 
tissue into two i)ans, t])e inner the ])ith (fig. 27, m), 
the outer the cortical j^arenchyma (fig. 27, r). Se- 
condary circumferential growth now begins ; the cam- 
bium ring developing new cells which form permanent 
tissue. New permanent ti.ssue is formed on both sides 
of the cambium layer, new or secondary xylem on the 
inner side (fig. 27 c,///), new or secondary phloem on 
the outer or cortical side (fig. 27 c,/). The primary 
xylem projects into the pith and forms the medullary 
sheath (fig. 27 at), while the primary phloem is 
separated more and more widely from the xylem 
(fig. 2^, b b b). I'he cells formed in the secondary 
xylem and phloem often differ from those found in 
the primary parts of the fibro-vascular bundles. Thus 
in pines the vessels only exist in the medullary 
sheath or primary xylem, that is, the wood formed 
from the orocambium, while in the secondary xylem 
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we have either wood prosenchyma with bordered 
pits alone, or rarely parenchyma in addition. In most 
dicotyledonous trees only vessels with pitted Avails 
are formed in the secondary xylem, spiral vessels 
being there absent although present in the primary 
xylem. The cambium forms secondary medullary 
rays which run through both xylem and phloem ; 
these increase in number as the stem increases in 
size. The new wood is arranged in annual rings. 
Each ring is separated more or less distinctly from 
the next, and the microscopic examination of the 
ring shows that the inner part, or that formed in 
spring, has larger cells with thinner walls and more 
vessels than the part which is formed in the early 
autumn. The activity of the cambium is uninter- 
rui)ted during the summer : and, at first, growth is 
vigorous, the outer tissues not exercising much pres- 
sure on the inner. Later in the season, as the wood 
has increased, considerable i)ressiire is exercised on 
the new cells, and they become smaller and have 
thicker walls. When the tree is leafless in winter no 
growth takes place in the tambium layer, and this 
causes the well-marked line of demarcation between 
the different years' growth. The old wood and 
young wood are also different in appearance, the 
former, in the centre of the stem, is the durmnen^ 
the other the alburnum. Outside the xylem is the 
cambium ring of thin-walled cells filled with proto- 
plasm. Further outwards lies the phloem, which is 
developed annually from the cambium just like the 
wood, and forms the secondary cortex, so callt^ to 
distinguish it from the primary cortex formed by the 
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ground tissue. In the phloem the bast-fibres and 
soft bast are seen arranged in various ways \ the bast- 
fibres ami bast-vessels may, however, be wanting. 
Often lamime of bast-fibres are fonned which can be 


m 






'1 riinsversc section of root of f'haxt^^iua. 

.M, pith ; s, cndoUennis or sheath of fibre- vascular bundles, with parcuchyiiiit 
of the jgToimd tissue exicruaJly j /><r, pericainbium layer ; b, primary phloem 
primary xyleai^with vessels ; tr, cambium. (After Sachs.) 

sei^arated, 0S in the lace bark and lime-tree bast 
The annual rings are not so evident in the bast as in 
the wood. External to the phloem in young stems 
is part of the ground tissue distinguished as the 




primary cortex, which becomes thrown oiT in many 
Oases by the formation of cork as already described. 

Type III. Roots of Gymnosperms and Dicotyle- 
dons (fig. 28). In those roots in which there exists 
a definite number of primary xylem masses with the 
primary phloem masses placed externally and be- 
tween them, a cambium ring (fig. 28, <r) forms betw^een 
the xylem masses and closes inside the bundles of 
l)hloem. This ring developes secondary xylem 
and phloem like that in the stem. Many modifica- 
tions of these types exist, especially in peculiar 
Dicotyledons, and in fossil Cryptogams. 

Vessels and Cells with Special Contents. — Distri- 
buted among the three systems of tissues of a con- 
siderable number of plants, structures are met with 
which are distinguished by their contents. These 
contents are formed and transported through the 
plant by vessels or intercellular spaces; at other times 
the contents are limited to special cells, Laticiferous 
vessels (fig, 29) are fusions of straight or branched and 
anastomosing cells running through the plant. They 
are to be met with in the ground tissue, or in the fibro- 
vascular system, or in both. Examples are to be 
seen in such plants as the dandelion and other ligu- 
late Compositae, in Campanulaceae, Lobeliaceae, Con- 
volvulaceae, Papayacese, Papaveraceae, and Araceae. 
The contents consist of watery sap in which different 
substances are dissolved and others suspended, the 
whole having a colourless or milky appearance, or rarely 
yellow, red, or blue. In other plants — Moraceas, Eu- 
phorbiaceae, Asclepiadaceae, Apocynaceae — the latex 
or milky sa^ is contained in elongated much-branched 
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transvorse section of' phtt^ra of’ root of :i^orin?u<irn ntx/>unica, showing 
bnti^ing and anastomosing laticiferous vessels, 
pcutton of vesiicl more highly magnified. (After Sachs.) 
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Fig. 30, 



J, thick-wailed lAticiferouH cells from 


cells (Trichoblasts of Sachs) 
which nin in the ground tissue. 
These laticiferous cells are 
thick-walled in the Euphorbias 
(fig. 30), and can be tolerably 


Fig. 31. 



•vy 


\’eskular ve-sscl in U>ngiiudinal section of 
sc.'ilc of bulb of onion i^A Ilium ccjhaX 

i\ epidermis with cuticle (t) : /, paren- 
chyma : sg^ cxiagulatcd contents, con- 
tracted to show the porous w alls ; i}, *7, 
transt’erse walls. (Afiear Sachs), 

readily separated from the sur- 
rounding ground tissue. At 
other times they are thin- 
walled, as in the Asclepiada* 


Cells and Glands. 
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Moac«. ^^tch^S 

often yield most important substance , 
be only necessary to 


UC uiii; ' 

mention India-rubber, 
gutta-percba, jalap, and 
opium, to show their 
great industrial and 
medicinal value. Vesi- ^ 
rular vessels (hg- ov 
consist of elongated ^ 
tells with sieve-hkc 
walls arranged m rows, 
containing a peculiar 
variety of latex. They 

occur in the onion and 

many Mcmocotyledons, 
as in the Amaryllida- 
ces. and often contain 
raphides. Glands are 
cells or aggregations 
of cells distinguished 

from those in their 

neighbourhood by con- 
taining resinous, oily, 

sugary, or fragrant sub- 
stances. The walls of 
the cells generally In- 
come degenerated (fig- 
32) and ultimately dis- 
solved, a cavity thus formed, as 
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lemon. In other cases the secretion may be dis* 
charged externally, the wall of the cell dissolves, 
and the secretion remains covered only by the cuti- 
cle, which easily ruptures when touched. The nec- 
taries, or honey-secreting glands of flowers, are super- 
ficial, and are met mth on all parts of the flower 
and receptacle. The ordinary glands are to be found 
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rraiHvcr.sc scctioiiN of young stem of ivj' ijeii.x , x ikx>). 

■ i, y<»utig iiu<Tccl!ular gum canal, MirroumJcd by four cells, c, cambium : 
soft liast. 

A', fully dcvek>j>cd canal (^). A hast ; r/, cortical parenchyma, (After 
.Sachs.) 

in almost all the tissues of plants. Glandular hairs 
are not uncommon, and the bud-glue, or blastocolla, 
seen on buds such as those of the horse-chestnut, is 
the product of peculiar hairs called colleteres. 

Intercellular spaces, formed by the separation of 
the walls of cells, often contain secreted materials 
(fig. 33), I'he contents are oily in the Composilae, 
gum-resin in the ATmbelliferae and ivy, or a clear 
balsam which hardens into resin in pines. These 
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turpentine canals are well seen in the conifers. 
I'he iptercelliilar resin and gum canals are limited 
to a few natural families of plants, and may be seen 
cut across in a transverse section of the stem or 
leaf. 

Fic. 34. 



Apex of stem of moss {FottHnalU anti/>yrt'ticrt)t longitudinal section. 

I', apical cell, forming segments (3 rows), each segment divided into an outer 
segment in) and an inner — the former developes cortex of the stem and a 
leaf, the latter the inner tissue of the stem r r:, apical cell of lateral leaf- 
forming shoot, arising l>el(>w a leaf; <, fir'«t cell of leaf ; /}, cells torming 
cortex. (After Leitgcb.) 

Protomeriitem and Apical Cell. — The apex or 
growing end of the root or stem is called tlie growing 
point, or vegetative cone, from its usually conical 
form. In the root it is covered by a cap of cells, the 
pileorhiza, while the apex of the stem is not so 
covered but is concealed and protected by the young 
leaves of the bud, The growing point consists en* 
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tirely of protomeristem, the cells being capable of divid* 
iiig. They are filled with protoplasm, are thin-walled 
with no intercellular spaces, and are not yet differen- 
tiated into pennanent tissue. Some organs, as most 
leaves, consist at first of protomeristem, which gradu- 
ally passes entirely into permanent tissue; and as no 
meristem remains, the part grows to a definite and 
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Lon|s;ittnlitial section of apex of root of PtcHa fmstaia. 

V, apeal cell ; c, o, c, the tissues of the roct~-/», the epklerinis ; e, the cor- 
neal tissxic ; and t. the primary hbro-vascular burulles ; k, /, m, n, the 
tissue of the rooi-cap. (After Nacgeli and Leitgelj.) 

afterguards experiences no further alteration. In roots 
and stems some meristem always remains at the apex, 
hence the growth in length is indefinite. In most 
Cryptogams, the protomeristem is formed by the 
division of a single cell, called the apical cell (fig. 54), 
at the growing point. In general, it is a large cell, 
which divides into two daughter-cells, one of the two 
new^ cells enlarging and becoming a new- apical cell; the 
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other, the segment cell, divides still further, form- 
ing the protomeristem, from which the pemianent 
tissue is developed. The apical cell divides in dif- 
ferent ways, as transversely, obliquely, in two rows, or 
in three rows. While the tissues of the Cryj^togams 
thus owe their origin to a definite apical cell, the 
tissues of the higher plants have no such cell. A 
number of cells are met with at the growling point, 
which divide and form the mass of protomeristem. In 
the case of roots, the apical cell (fig. 35) forms the 
root-cap by segments cut off from the front ; and in a 
similar way in the higher plants the apical group of 
cells forms the cap covering the growing point. In 
the stems of plants segments are not formed in front 
of the apical cell, or apical group of cells, as there no 
structure resembling the ])ileorhiza of- the root is to 
be met with. 


CHAPTER III. 

THE EXTERNAL CONFORMATION OF PLANTS. 

Piurts of the Plant Body. — body of one of the 
higher plants consists of a number of organs perfonn- 
ing different functions, and popularly known as stems, 
leaves, flowers, seeds, and the like. It is the province 
of the department of biological research called phy- 
siology to investigate the functions of these various 
organs. If, however, instead of taking into conside- 
ration the functions of the organs, we examine all the 
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organs of plants merely as portions of the plant-body, 
then we obtain a knowledge of the morphology of the 
parts. In the morphological study of the parts of 
plants we have to consider the relative positions of 
these parts, their place, time and mode of formation, 
the manner and nature of tlieir growth, and the ulti- 
mate si/e they attain. This we can do without con- 
sidering the functions of the parts. All the organs of 
the higher plants, notwithstanding the very varied func- 
tions which they discharge, can be referred to a few 
type-parts, namely, the root, stem or caulome, leaf or 
phyllome, and hair or trichome. In the lower plants 
the plant-body is a thallus or thallome. These 
tyi)ical parts become modified and adapted to perform 
many functions. Thus phyllomes form many organs, 
as scale-leaves^ foliage -leaves, and floral -leaves; while 
the organs known as tendrils may be morphologically 
phyllomes or caulomes. 

The different parts of the jflant are all in organic 
connection one with the other. Most of the parts are 
developed laterally from other parts, the exception 
being the main axis of the plant, which arises directly 
from the embryo, and thus from the fertilised germinal 
cell. Stems, leaves, and hairs develope as lateral 
formations on the main stem, leaves form laterally on 
branches, and hairs on stems, branches, or leaves. So 
roots develope lateral rootlets, or we have rootlets 
developing froin stems, or even from the petioles of 
leaves. I'he difterent parts of plants are thus all 
developed laterally one from the other, and equivalent 
parts may have a different origin — a root may arise 
from another root or from a stem, while a stem may 
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produce branches, leaves, or hairs. Lateral parts are 
distinguished as normal and adventitious. Such parts, 
when normal, always have a definite order of succes- 
sion on the part subtending them. Thus the youngest 
rootlets, branches, or leaves, are always nearest the 
growing point or apex of the subtending root or stem. 
The older the parts are, the further removed from the 
growing part they become. This mode of develop- 
ment, in which the youngest parts are nearest the apex 
or growing point of the stem or root, is called acropetal. 
The position of the parts on the axis will show their 
order of succession in time. When parts are not 
developed acropetally, they are distinguished as adven- 
titious; roots and buds being adventitious when they 
are intercalated at a later period between those formed 
acropetally. 

Lateral parts may be produced singly, or two or 
more may be formed at the same distance from the 
growing point. When two parts are formed, they are 
called opposite, when more than two a whorl. It is 
not necessary that the parts forming a whorl should 
all appear at the same time ; they sometimes appear 
simultaneously, sometimes in succession. 

Lateral parts may either have an exogenous 
(superficial) mode of origin, or an endogenous (deep- 
seated) origin. Thus leaves are developed from the 
outer cells of the stem, and are therefore exogenous ; 
while roots have a deep-seated origin, they have to 
break through the external tissues and are endogenous. 
These modes of origin are of great importance mor- 
phologically. 

Boot— Popularly a root may be any part formed 

1. F 
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underground, but morphologically it has a very de- 
finite signification. Roots are not met with in 
Thallophytes and Bryophytes, but are present as a 
rule in all j^lants \vilh fibro-vascular bundles. Hymen- 
ophylium, Psilotum, Corallorhiza, Wolffia, and others 

being examples of these 
exceptional vascular 
plants. The characters of 
roots are ; firsts that they 
develope endogenously 
(fig. 36), they have a 
deep-seated origin, either 
from the pericambium 
layer of roots (figs. 23 and 
28 c\ or from the outer 
part of the phloem in 
stems, and push through 
the superficial tissues, 
the epidermis and cortical 
layers of the main root 
or stem not being con- 
tinuous with those tissues 
in the new root. Second- 
ly^ the root does not de- 
velope leaves acropetally ; and thirdlyy the growing 
point of the root is covered by a spi^ial structure, de- 
veloped in the higher cryptogams from the apical cell, 
and in phanerogams chiefly from the dermatc^en cover- 
ing the growing point (fig. 35). This special structure is 
called the root- cap or pileorhiza. The new cells of 
the pileorhiza are formed internally, the external cells 
being constantly thrown off as new ones form. By 



Longitudinal section of main root of 
rkiti/al’uix 5 ). 


r,rf ctulcx of main root : iibro- vas- 

cular bundles ; u, ft, lateral root- 
lets developing from pericambium, 
and breflijtng through cortical tis- 
sue ; h, pileorhiza oi side rootlets. 
(After Prantl.) 
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these tliree characters the morphological part called 
the root can be readily distinguished. 

Many plants develop a large main or tap-root, 
which is produced by the growth of the root formed in 
the young embryo plant at the lower end of the stem. 
In the bean and most dicotyledons it is greatly deve- 
loped, giving olf numerous lateral rootlets in an acro- 
pelal manner. In most monocotyledons the main root 
never attains any great development, and the masses of 
fibrous roots in such plants as grasses develop adven* 
titiously from the lower end of the stem. All normal 
roots (except in Equisetacese), arise from the pen- 
cambium externally to the first groups of xylem in the 
fibro-vascular body, rarely external to the phloem 
(Umbelliferse, grasses). Hence the roots are arranged 
in long rows, the number of rows corresponding to 
the number of xylem masses. Adventitious roots 
appear later in an irregular manner, and generally 
more or less obscure the original arrangement. 

In grasses and other plants the end of the root in 
the embryo plant is covered by a mass of tissue 
through which the young root must force its way. 
The tissue surrounds the base of the root as a sort of 
sheath, to which the name of coleorhiza has been 
applied. 

Roots vary much in form and function. I'heir 
primary function is to fix the plant in the soil, and 
to take up water with mineral substances in solution ; 
hence the fibrous or narrow cylindrical form may be 
looked upon as the type. Many roots serve as reser- 
voirs of nutrient materials, and thus become enlarged 
and thickened, either regularly or irregularly, by subse- 
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quent growth. As examples we may take the fusi- 
form succulent root of the carrot, or the tuberous root 
of the dahlia. Aerial roots are special modifications. 
They occur abundantly on the stems of tree-ferns, 
and in orchids and aroids serve to fasten the plants to 
the stems of trees. The adventitious roots of the ivy 
are root-tendrils fixing the stem to a solid support. 
In parasitic plants, such as the dodder, peculiar sucker 
roots are met with which penetrate into the tissues of 
the host from which the plant derives its nourishment. 

Stem, Leaves and Leaf-bearing Axes. — That part 
of the plant which developes leaves as lateral appen- 
dages near its apex is called the stem, axis, or caul- 
ome, while the term shoot is used to distinguish 
the stem with its leaves. The stem or caulome may 
be defined as the part which developes the leaves 
(fig. 37), while leaves have cerUiin characters in re- 
lation to the stem. Thus leaves always originate in 
an acropetal order, and are therefore always normal as 
distinguished from adventitious. Secondly, leaves are 
always exogenous formations, arising from the super- 
ficial tissues before the epidermis is formed, and the 
tissues of the leaf are directly continuous with those 
of the stem (figs. 37 and 34). I.astly, the leaf always 
assumes a form different from that of the axis by which 
it is produced. Leaves originate in acropetal order 
close to the growing point of the stem. At first the 
leaves are all crowded together and form the buds, 
the {X)itions of stem between the individual leaves 
elongating when the buds open. In many plants the 
portions of stem between the leaves remain undeve- 
lot^ed, and a rosette of leaves is thus formed, as in 
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Plantago, Semperviviun, and in most flowers. In 
other cases the portions of stem between the leaves 
become elongated. The lengthened portions are 
called the internodes, while the boundary between 
them where the leaves come oft' is called the node. 


Fk;, 37. 



Diagram of a longitudinal Kcction of the apex of the stem of a 
dicotyledonous plant. 

pith ; f, fibro-vojiculajr bundles, both developed from the plerome ( fHe 
bundles sending branches to the leaves ; cortical tissue ; <?, epidermis ; 
by by young leaves, two showing their origin from protomeristem ( /) ; kUy 
axillary b^. (After PraniK) 

The stem thus consists of nodes and internodes, the 
leaves being attached or inserted at the node, the 
centre of the base of the leaf being the point of in* 
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The tissues of the stem and leaf are continuous, 
the different tissues, epidermal, fibro- vascular, and 
ground, ninning uninterruptedly from the one to the 
other (fig. 36). The fibro-vascular bundles when first 
•produced generally bend out into the leaves forming 
the common bundles, common to stem and leaf. 
In other cases the stern possesses special bundles, the 
cauline bundles, to which the bundles coming from 
the leaves become attached laterally. 

The growing end of the shoot differs from the 
apex of the root in having no pileorhiza, but develop- 
ing leaves instead. 'Fhcse leaves are at first crowded 
togetlier and form the bud. The end of the axis is 
quite hidden and ])rotected by the young leaves which 
bend over the a])ex, and grow more rapidly than the 
axis \>roducing them. When the bud opens the 
leaves enlarge and the internodes elongate. The 
mode of arrangement of the leaves in the bud is 
called the vernation, or sometimes the praefoliation. 
Flower-buds and flowers are merely buds and shoots 
in which the leaves are developed into special organs. 
I'he leaves in the flower-bud are arranged like those 
of the leaf-buds, but the term aestivation or praeflora- 
tion has been applied to their arrangement. 

Shoots are either normal or adventitious. All normal 
shoots (except the axis of the embryo) arise by branch- 
ing. M"ith the exception of dichotomous branching, the 
branches always have a definite relation to the 
leaves. Thus in phanerogams the branches are axil- 
lary, one bud being produced in the axil or angle 
between the leaf and the next upper intemode. In 
the bulbs of Muscari, the stem of Aristolpchia Sipho, 
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and in J^onicera, several buds are formed in tlie axil of 
the leaf. In cryptogams, lateral shoots may be j)ro- 
duced near or below a leaf, but the shoots are not 
axillary. In dichotomous branching, the branches 
may form near leaves, and look at first sight as if 
axillary. Adventitious shoots are of common oc- 
currence. 1'hey are not acropetally developed, as 
axillary buds must necessarily be, but appear irregu- 
larly from many parts of ])lants. 'I'hey occur on the 
roots of many of our trees, as the poplar, 'bhey also 
develop from leaves, as in the Bryophyllum and many 
ferns ; or from the petioles of leaves, as in Aspidium 
Filix-mas. Normal or adventitious buds may become 
detached from the parent plant, and form new plants 
by non-sexual reproduction. Such bulbils or hulblets 
occur on Lilium bulbiferum, Dentaria bulbifera, Asple- 
nium decussatum, and the inflorescence of Allium. 
Mosses and other cryptogams ])rodiice similar but 
simpler structures, the gemmie, which are of import- 
ance in the non* sexual reproduction of these plants. 

Stem or Caulome. — Stems are generally more or less 
elongated structures, cylindrical or prismatic in form, 
and serve primarily as organs of support to the leaves 
and flowers, and channels for the conveyance of nutrient 
matter in solution from the soil. In other cases the 
stem acts as a reservoir of nutrient materials and 
becomes much thickened. The nature of the stem varies 
with the duration of the plant, being in some plants 
a soft herbaceous axis or stalk of annual duration, in 
others a woody stem growing in thickness and giving 
off branches. When thickened and shortened and 
developed underground, we have the tubers of the 
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potato, or Jerusalem artichoke. When the basal 
portions of the leaves are largely developed and the 
axis short, the bulb of the onion or tulip is produced. 
The rhizome is an elongated, often thickened, perennial 
underground stem, as in the Solomon’s seal and 
anemone, while the corm (Colchiciim) is a short thick 
stem which gives off a bud, the older part dying when 
the young bud reaches maturity. Stolons (straw- 
berry) are annual stems given off at the base of a plant; 
they generally develope scale leaves and form buds 
which root and render the plant perennial. Special 
modifications of stems occur, as the phylloid caulodes 
or cladodes, the flattened leaf-like shoots of Ruscus. 
Stem-tendrils are met with in the vine and passion- 
dower, while stem-spines or thorns occur in the sloe 
and hawthorn. Climbing or voluble stems, too weak 
to support the weight of their foliage and thus requiring 
to twine round some solid object, are seen in the hop, 
scarlet runner, and convolvulus, 'Fhe stems of cacti 
are peculiar and worthy of notice from their special 
form and growth, and on account of their performing 
the functions of leaves. 

Leaf, or Phyllome. — Leaves are generally limited 
in their growth, and are flat expansions, divisible into 
two similar halves by a vertical plane running through 
the apex and point of insertion. In some cases ab- 
normal forms of leaves occur. 'I'he leaf may not be 
limited in its growth, but elongate at the apex somew^hat 
like a stem, or the form may be peculiar, cylindrical, 
prismatic, or tubular, or the leaf may not be symme- 
trical, as in the begonias. The under or outer sur- 
face of the leaf generally differs from the upper or 
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inner in colour, structure, and in the nature and 
appendages of the epidermis. Torsion may occur, as 
in Alstroemeria, or the leaf may be flattened laterally 
in its upper part, as in the Iris. 

Different regions of the stem produce, in the 
higher plants, different kinds of leaves. Excluding 
the leaves forming the flower, we have three kinds 
occupying different positions on the stem. At the 
lowest parts of the stem or base of a shoot we have 
scale-leaves, or phyllades ; at the upi)er part below the 
flowers are the bracts, and' between the two the 
ordinary foliage leaves are developed. Scale leaves 
are met with on underground stems as on bulbs and 
on the tubers of the potato. Cotyledons are also 
scale leaves, but in many plants they develop chlo- 
rophyll and act as ordinary foliage leaves, at least for 
some time. The bud -scales at the base of each 
shoot are also sc.ale- leaves. In plants which contain 
no chlorophyll (Orobanche, &c..), the leaves are re- 
duced to scales. Scale-leaves have in general ver>' 
definite characters. Their outline is simple and they 
never develop prominent veins, they contain little 
or no chlorophyll and generally serve to protect other 
parts. The foliage leaves are the chief organs of 
assimilation, and develop large quantities of chlo- 
rophyll, their form and appearance t)eing very varied. 
The bracts belong to the upper or flowering region of 
the stem, and are generally very much smaller than 
foliage leaves, are stalkless or sessile, with a narrow base 
of insertion, and are sometimes green, often brightly 
coloured or white. The floral leaves consist of four 
series or cycles called calyx-leaves or sepals, corolla 
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leaves or petals, leaves of the andrcecium or stamens, 
and leaves of the gyncecium or carpels. 

The tissues of the leaf are continuous with those 
of the stem. I'he epidermis covering the upper and 
under surface, the ground tissue or mesophyll which 
is rich in chlorophyll continuous with the ground 
tissue of the stem, and the fibro-vascular bundles 
ramifying in the mesophyll forming the veins of the 
leaf, generally prominent, at least on the under side. 
The course of the veins or the venation is character- 
istic of certain of the classes of plants. the 

monocotyledons have narrow leaves with parallel 
veins, which seldom or never branch, while the dicoty- 
ledons have only a few veins entering the leaf, but these 
branch and anastomose, forming the reticulated 
venation in the blade. According to the mode of 
branching of the veins the venation is either pinnate 
like a feather, as in the beech or elm, or palmate, 
where the veins divide at the base as in the ivy and 
sycamore. 

The leaf can be divided into certain parts or 
regions, one or more of which may be wanting. In 
the most peifectly developed leaves, as in those of 
])alms, aroids, and umbellifers, the leaf can be divi- 
ded into three parts, the sheath, the stalk or petiole, 
and the i)ladc or lamina. In grasses the petiole is 
wanting, and the leaf is reduced to the sheath and 
blade. In most dicotyledons the sheath is absent, 
and the stalk and blade only occur, while in other 
plants, as in the tobacco or Lilium bulbiferum, the blade 
only is present. The blade is the flat expansion 
which narrows into the cylindrical or prismatic petiole, 
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while the sheath surrounds the stem like a split or 
entire tube, and often receives special names. 

Many different terms are applied to the forms of 
leaves, nature of apex, base, and margin, and also to 
the mode in which they are related to the stein, all of 
which are of importance in descriptive botany, and 
can be met with in any flora. If the blade of the 
leaf is in one piece the leaf is sim])le, if cut up into 
jointed pieces the leaf is compound. The leaf is 
lobed when cut slightly, cleft when cut to the middle 
of the lamina, partite when cut beyond the middle, 
compound when the lamina is cut into separate 
]>ortions. The divisions indicate branching of the 
leaf and the different forms pass gradually one into 
the other. As the branching follows the arrangement 
of the veins, we have two series of forms de])ending 
on the pinnate and palmate venation. Thus we 
have pinnately-lobed, pinnatifid, pinnatipartite, and 
pinnate (compound) leaves. In tlie same way we 
have palmatelydobed, palmatind, pa Imati partite and 
palmate (compound) leaves. In many cases the 
divisions are cut a second or third time, and in the 
palmate forms of compound leaves the number of 
leaflets is generally taken into consideration, giving 
us the temate, quatemate, quinate, and digitate forms. 

Branches of the leaf close to its insertion are dis- 
tinguished as stipules. They generally occur in pairs, 
one at each side of the base of the leaf. They are 
free in the willow or pea, adnate to the petiole in the 
rose, inserted together opposite the leaf in Astragalus, 
and interpetiolary in the Cinchona. The ligule is a 
peculiar outgrowth of the upper or inner surface of the 



76 


Morphology of Plan ts. 


leaf. It is seen in the grasses at the point of junction 
of tlie blade and sheatli. The corona of Narcissus, 
Lychnis and the Boraginese, consists of ligules deve* 
loped on the petals. 

Special modifications of leaves are frequently met 
with. Thus there are leaf tendrils common in the 
T.eguminosre, the whole or only a. part of the leaf 
Incoming converted into a tendril. Flattened j)etioles 
or phyl lodes often replace the compound leaves in 
some species of Acacia. Leaf spines are met wfith 
in the barberry, and the modified stipules of Robinia 
pseudacnicia. In some cases the blade is developed 
into a pitcher, as in Ne])enthes and Sarraccnia, These 
latter modifications are connected with the absorption 
of nitrogen by the plant ; animal matter being digested 
and absorbed in Ne])enthes, or putrescent matters 
absorbed by Sarracenia. 

Hair or Trichome. — 'Fhe hair is an outgrowth of a 
single epidermal cell. It may remain simple, but more 
frequently becomes multicellular (fig. 17). By thus 
defining a hair, many different organs can be shown 
to be morphologically trichomes. Thus the root- 
hairs of mosses and hymenophyllums, while performing 
the function of roots, are trichomes. The sporangia 
of ferns which are the non-sexual reproductiv'e organs, 
are also modified hairs. Prickles or aculei occurring 
on some brambles and roses, differ from true hairs in 
their originating from the epidermis, and one or more 
cells below it. Sachs calls them emergences. Rarely, 
as in the prickles of the fruit of the horse-chestnut 
and Datura, a fibro-vascular bundle enters the emer 
gence. They resemble spines in being sharp-pointed 
structures, but differ in their arrangement and in their 
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not being either modified stems or leaves. Hairs 
vary much in their structure, and many terms are 
given to the different varieties of surface caused by 
the presence or absence of hairs. 

Thallus or Thallome. — In the lower i)lants tliere 
is no separation into stem, leaf, and root, while in 
the lowest forms a single ( cll only is to be met with. 
The body of these lower plants is called a tliallus or 
thallome, which may be unicellular or multicellular. 
In both cases the thallome may be dilferentiated into 
parts resembling root, stem and leaf, but differing in 
structure from the parts so named in the higher j»lants, 
as in the unicellular, Caulerpa, and multicellular Fucus. 
The thallome is met with in the thallophytes, and 
in many of the liverworts. In the early stage of the 
development of the moss, a thallus or protonema is 
formed, which gives rise to numerous buds. The 
earliest stage in the fern, known as the jirothallus, 
which develops the reproductive organs, is also moq)ho- 
logicaily a thallome. 

Development of Branches. — Branching is the 
lateral development of similar parts. Thus a root 
branches and produces rootlets, a stem branches, or a 
leaf and hair may branch. The lateral develoj^ment 
of dissimilar parts is not branching, as when a stem 
produces leaves or hairs. By branching, systems of 
branches are formed in which we can distinguish the 
axis (foot or podium), and the branches. These 
systems of branching can be referred to two chief 
types, the dichotomous and the monopodial. 

Dichotomous branching (fig, 38). In dichotomy 
the end of a part ceases to grow in length, and at the 
apex two new parts appear which at first usually 
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Fig. 38. 


develop equally. We have thus the foot or podium 
and the two fork-branches, both of which may become 
the podium of a new dichotomy (fig. 38 a). In some 

cases the two bran- 
ches are equally de- 
veloped, but in 
others the system 
becomes sympodi- 
al, one branch be- 
coming more strong- 
ly developed than 
the other. By the 
unequal growth, the 
podia of successive 
parts appear as an ap- 
parent main axis, the 
pseudo-axis or the 
* sympodium, while 
y lender fork-branch- 
es appear as lateral 
branches, which at 
first sight might be 

Oiagr^mts of dichotomous branching. COnfOUndcd with the 



A, norml dichotomy, the fork-branches monOpodial mC- 

e<j[iully developed, and becoming the jjo- * 

dia of new dichotomies. thod of branching. 

/r, Bostry'choid dichot<imy, one fork-branch j* t j- 

only botxjming the podium of a new dicho- In Sympodial dicho- 
tomy : in this case the left, /. • i 

r, cicinnal dichotomy ; one fork-branch, alter- tOlTUeS lue SympO- 
jiately left (/) and right (r), becoming the a- ,,,, 
podium of a new dichotomy. B and C ore UlUIU COnsiStS eitlier 
sympodial arrangements, (After Sachs.) fork-branchcS 

of the same side, right or left, the bostrychoid (heli- 
coid) dichotomy (fig, 38 b), as seen in the leaf of 
Adiantum pedatum, or the branches are alternately right 
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and left, the cicinnal (scorpioid) dichotomy (fig. 38, c) 
of many of the selaginellas. 

Monopodia I branching (fig. 39). When the axis 



produces lateral branches in acropetal order and 
forms a single common foot or podium for all the 
lateral branches the system is called monopodial. 
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Each branch of the monopodium may again branch in 
a* monopodial manner. Monopodial branching 
may be either botryoid (racemose), or cymose. In the 
former the main axis is more strongly developed than 
the lateral ones, while in the cymose arrangements 
the lateral axes soon begin to develope more strongly 
than the main one. There are two varieties, a. with 
no pseudo-axis, two or more equally strong lateral axes 
forming, the mother axis ceasing to grow; the dichasium 
or l)iparous, and the pleiochasium or multiparous cyme 
(fig. 39, c) ; Ik with a pseudo-axis, the sympodial 
arrangements of monopodia which are either bostry- 
choid (helicoid) (fig. 39, d), or cicinnal (scorpioid) 
(fig. 39, A, n). The modes of branching here de- 
scribed refer not only to stems, but also to the thallus, 
root, leaves and hairs. 

Position of Lateral Parts on a common Axis. — All 

normal lateral parts, those developed acropetally, have 
a definite position on the surface of the part produc- 
ing them. Thus rootlets have a definite relation to 
the main root ; branches, and leaves have a definite 
position on the subtending axis. I'he positions are 
not mathematically exact, and as displacements occur 
during growth the arrangements are sometimes rather 
obscure. The arrangement of leaves on the stem, or 
phyllotaxis, may be taken to illustrate the position of 
all lateral parts. Leaves may be developed in ver- 
ticils or whorls, or l)e opposite, two or more forming 
at the same transverse zone of the stem, or the leaves 
may be inserted singly. When the leaves are in 
whorls, the w'hole of the leaves may appear simul* 
taneously, or they may develope in succession. In 
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some cases false whorls are produced by the suppres- 
sion of the internodes, a condition met with in the 
upper leaves of Lilium bulbiferiim. When the leaves 
are placed singly at different parts of the stem they 
have a certain divergence. If a line be drawn through 
the apex and the point of insertion of one leaf, and 
another through the apex and point of insertion of the 
next, an angle will be fanned called the angle of diver- 
gence. This angle varies in different plants. If it be 
two right angles, the angle of divergence will equal one 
half the circumference of the stein ; if one right angle, 
one quarter the circumference. The angle of diver- 
gence measures the lateral distance between any two 
consecutive leaves, and we may express the distance 
either by giving the number of degrees, or more con- 
veniently by a fraction. Thus we may use 90° or the 
fraction ^ ; 180° or the fraction If we number the 
leaves in order as they are acropetally developed, 
and always proceed in one direction, we can draw a 
spiral line round the stem, which passes through the 
insertions of all the leaves in the order in which they 
have been developed. This spiral line is called the 
generating spiral. In fractions above ^ the generating 
spiral may be traced in a longer or shorter way, Le. 
eitlier from left to riglit or from right to left. Thus, 
if we find the arrangement to be, say |, three turns 
round the stem pass eight leaves, and find the ninth 
leaf above the first ; by reversing the spiral we have 
to pass more frequently round the stem, making five 
tunis when passing through the eight leaves. In the 
longer way then the fraction will be §. In some cases 
the fraction is constant, and the divergence does not 
L G 
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vary ; but we may have variations or a rhythmal change, 
as f , and so on. If we take the | arrange- 

Fic. 40. ment (figs. 40 and 41), we notice 



-f K Stem showing 
"otaxis. 


in 8 ortho- 
/ y//. 'Hie 


the ninth leaf above the first. 
Leaves i and 9 stand in the 
same plane. A straight line 
rising perpendicularly from No. 
I would pass through No. 9. 
These leaves are superposed, 
and the line cutting the super- 
posed leaves is called an ortho- 
.stiche. The collective leaves 
between 1 and 9 form a cycle. 
The number of leaves in the 
cycle will determine the number 
of orthostiches. Thus in the 
fraction | there are eight ortho- 
stiches. The number of ortho- 
stiches is always indicated by 
the denominator of the fraction, 
while the number of turns re- 
quired to complete the cycle 
is expressed by the numerator. 
Eight orthostiches may occur 
with a fraction other than 
Thus in the Herb Paris (Fans 
qimdrifolia)^ (fig. 42), there are 
eight orthostiches, but the frac- 


coursc from leaf to leaf, leaves. The cxtemal floral 

numbered in nucceswion 

from I to 17. In i>aHsing leavcs have the same arrange- 

from leaf I to leaf g, i turns , , . , - 

round the Stem pass 8 mcnt. but alternate with leaves 
below and above. Hence the 
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8 ? 


leaves of the first and third whorl are superposed, 
or in the same orthostiche ; the leaves of the second 
alternating with them. In opposite and decussate 
leaves there are four orthostiches, and the fraction is 
^ ; while in other cases there are two orthostiches, the 
fraction being and the leaves either alternate or 
opposite, i.e. in a whorl of two. 


Fig, 41, 



Diagram of stem with g phyllotaxis. 

The orthostiches numbered / to ^Y//, the leaves t to 
t6. (After Sachs.) 


When the leaves on a shoot are closely crowded 
together, it is often very difficult to see the generating 
spiral. In the young shoots and cones of pines, the 
secondary spirals or parastiches are well marked. 
By counting the secondary spirals to die right and to 
the left, the generating spiral can be determined. 

In some plants no generating spiral can be traced 
as in the Marsileas. In others, the angle of diver- 
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Fio. 42. 


gence alters so frequently that no orthostiches are 
present {FtiiUlaria imperialis). The most common 
divergences are those expressed by the fractions 
h other series exist, as 

f, I, &c. It must be borne constantly in mind 
that the position of the leaf is not so exact as the use 
of the fraction would naturally lead us to suppose. 

Apparent exceptions 
to general laws, caused 
by dis])laceinent, ad- 
hesion, and abortion, 
are common among 
the leaves, and shoots 
of monocotyledons and 
dicotyledons. Thus 
the beginner finds it 
difficult to understand 
the construction of the 
flower of an orchis or 
/vr»v rose, the nature of the 



Diagram of flowering stem 
qua(infoli<t. 


of 


, , f • u . hg, and of the inflo- 

l , leave.s : a /, ovttcr parts of permnth ; r/i, ^ 

inner pan of perianih ; ^ outer whorl reSCCnCC of SoIanaCCSe. 
of stamens ; tn, inner whorl of stamens. , r 1. j 

OynoKciura 4 carpels in centre, 4 parts 1 uC Study Oi thC dCVe* 
in each whorl, alternating, hence 8 or- 1 .. 

ihosiichcs. The outer stamens and iOpnicnt Ot SUCn StrUC- 
carpels are to the outer parts chnwc fhaf at firct- 

iS v>erianth. and n/UrH.th> with the SHOWS tliat at tlfSt 

leaves /. inner parts of perianth ;■«, and fU., rirdimrv Inure nf 
inner whorl of stamens, these beme in OrOinary laWS OI 

(Aftcr*Sachrf*‘^‘^'^'^ aiiother. development are fol- 
lowed ; but at a com- 
paratively late stage deviations are caused by certain 
parts ceasing to grow while others develope in ex- 
cess. Displacement and adhesion generally occur 
together ; and sometimes we have displacement, 
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adhesion, and abortion concurring to render the struc- 
tures very complex. Examples of these will be given 
when dealing with the Angiosperms. 

Alternation of Generations. — When plants have 
continued to grow for some time, and have assumed 
a definite external conformation and internal structure, 
single cells are detached which sooner or later form 
new plants. These new plants may either be like or 
unlike the parent. The production of reproductive 
cells may either be by a sexual or noii' sexual process 
of reproduction. In some cases the successive gene- 
rations, whether produced sexually or non -sexually, 
are similar, and produce similar reproductive cells ; 
but in most plants the generations which proceed 
from one another are dissimilar, and produce different 
kinds of reproductive cells, .sexual or non-sexual. Tliis 
alternation of generations forms a very marked cha- 
racter in many plants ; as, for example, in the ferns. 
The spore gives rise to a prothallus, bearing the sexual 
reproductive organs. After fertilisation, the fern -plant 
with root, stem, and leaves arises, and developes 
the non-sexual sj^ores. These changes will be fully 
described when treating of classification. 
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PHYSIOLOGY OF PLANTS. 

CHAPTER IV. 

THE NUTRITION OF PLANTS. 

Composition of Plants. — All plants contain a 
considerable quantity of water, the actual proportion 
depending partly on the nature of the part, and also 
on the period of the year. Thus, in the stems and 
leaves of plants there is on an average about 70 
per cent, of water. In water-plants and some fruits 
and roots the quantity of water is greater, amounting 
to 90 per cent. In seeds the protoplasm is dense, 
and only about 1 2 per cent, of w^ater is present. ^^Tlen 
germination takes place, the quantity of water rapidly 
increases. In the buds of plants in spring there is 
very little water, but as soon as growth begins and the 
buds expand, the quantity of water rapidly increases. 
It is on account of the increase of water that spring 
frosts injure opening buds, w^hich have resisted the 
severe cold of the earlier j^art of the season. The 
water in plants can be removed by drying the part in 
a water oven at a temperature not exceeding too® 
Cent., and the dry organic matter is left behind. 

Organic matters are those substances left behind 
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after the water has been expelled, consisting of the 
materials forming the cell-walls and cell-contents, as 
cellulose, starch, protoplasm, &c. These organic mat- 
ters can be burnt, when the plant-substance is still 
further resolved into volatile matters and a small pro- 
portion of ash. 

Elements of Plant Food. — The chemical elements 
out of which the plant constructs its organic substance 
are carbonj^ hydrogen, oxygen, nitrogen, and sulj)hur. 
These exist in the organic substances, the carbohy- 
drates and albuminoids, forming the cell-walls and 
cell-contents. They constitute the larger portion ot 
the dry organic matter, and are driven off during com- 
bustion, as carbonic acid, water, and ammonia. The 
.sulphur is not thus driven off, but remains behind, 
united with certain elements in the ash. The elements 
existing in the asli of jdants are present only in very 
.small quantities, but are essential to the life of the 
plant. These are phosphorus, iron, calcium, magne- 
sium, and potassium. The carbon, forming half the dry 
weight of the plant, is obtained from the atmosphere ; 
hydrogen, chiefly by the decomposition of water, 
and perhaps a small quantity from ammonia salts ; 
oxygen from water, from the carbonic acid of the air 
and water, and a small quantity from salts containing 
oxygen in the soil ; nitrogen from the nitrates and 
ammonia salts in the soil — it is not taken up from the 
nitrogen in the air, but it may be taken from organic 
matter, as in the case of the carnivorous plants, para- 
sites, and saprophytes. The sulphur is obtained from 
salts occurring in the soil, such as calcic .sulphate, part 
of the lime being got rid of by the formation of crystals 
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of calcium oxalate in the cells of deciduous and other 
parts of plants. The elements used by the plant in 
forming its carbohydrates and albuminoids are thus ob- 
tained from the atmosphere, water, and the soil The 
other elements are not directly needed for the formation 
of the cell- walls and protoplasm of the plant, but are 
found to be essential to the life of the plant, as th^ 
different chemical processes do not go on without their 
'presence. Thus i^hosphorus bears some relation to 
the albuminoids, as these are only formed when phos- 
:phates are present in the cells. Iron is also neces- 
sary, and is taken from the soil in the form of chloride 
or sulphate, but it is only needed in minute quantities. 
If entirely abser.t, the green colouring matter in the 
chlorophyll grains is not formed, the granules having 
only a yellowish etiolated appearance, even if exposed 
to light. If iron be added in minute traces to the food 
of such a plant, it rapidly developes chlorophyll in the 
granules. If potassium in the form of potash salts be 
mot present, no assimilation and formation of starch 
goes on in the chlorophyll-bearing cells. In all parts 
of plants rich in starch or sugar, potash salts are met 
with in abundance, the' potassium being in combina- 
tion w’ith some organic acid. Calcium and magnesium 
are also essential, but their special functions are un- 
known. They are taken up as phosphates, nitrates, 
sulphates, or chlorides, from the soil 

Water Culture. — ^Bulbs, as those of the hyacinth, 
contain a large store of nourishment, and when placed 
in glasses and supplied with pure water the leaves and 
flowers are develoi>ed at the expense of the reserve 
matters stored up in the bulb, in addition to the sub- 
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stance assimilated by the green leaves. The system 
of water-culture, from which so much regarding the 
history of the nutrition of plants has been learned, is 
somewhat like that of cultivating hyacinths in glasses. 
Seeds are, however, used instead of bulbs, and so- 
lutions containing known quantities of the mineral 
ingredients of plant-food are used instead of pure 
water. All the necessary substances can be given to 
the plant by water-culture, when proper precautions 
are taken to preserve the plant in a condition of 
health. 

Many substances are occasionally or fre(}uently 
met with in the ashes of plants, which have been 
proved by water-culture to be non-essential. Thus 
silica occurs in large quantities in most grasses, but 
they can be grown quite healthily without it. Chlo- 
rine has been found to be essential for the nutrition of 
the buckwheat. Iodine and bromine exist largely in 
sea-weeds, but seem non-essential elements, at least to 
the higher plants. Sodium is present everywhere, and 
always appears in the analysis of the ashes of plants, 
but does not seem to be an essentia] ingredient of 
plant food. Lithium, zinc, and copper ''Iso occur; the 
zinc and copper entering into the composition of 
plants growing near metallic mines, as in Thlaspi al- 
pestrij var. calaminare. Aluminium is a constituent 
of the ash of certain species of Lycopodium. Man- 
ganese, cobalt, nickel, strontium, and barium have 
also been met with in exceptional cases. Thus the 
essential elements of plant-food are carbon, hydro-; 
gen, oxygen, nitrogen, sulphur, phosphorus, chlorine, j 
iron, magnesium, potassium, and calcium. The non- 
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essential or accidental ingredients are silica, iodine, 
bromine, sodium, lithium, zinc, copper, and alu- 
minium. 

AsBimilation and Metastasis of Assimilated Ha- 
terials. — Assimilation is a process of deoxidation, the 
carbonic acid of the atmosphere is split up in the 
chlorophyll-bearing cells of the plant under the influ- 
ence of light ; the carbon is fixed by being united with 
the elements of water in the plant, and the oxygen is 
liberated. By the process of assimilation, carbo- 
hydrates are formed, and the dry weight of the plant 
increased. The carbohydrate usually formed as a 
result of assimilation is starch — ocatsionally fat, rarely 
cane sugar. Assimilation only goes on in the cells 
containing chlorophyll, and only when there is a suffi- 
cient amount of light, hence it does not occur in all 
cells or in all plants ; neither is it a constant pro- 
cess, as it ceases during darkness. After the carbon 
has been thus fixed, and some assimilated carbo-hy- 
drate formed, the assimilated matters undergo further 
changes. They change their position, removing from 
the cells in which they were formed to others, or the 
assimilated matter at once goes to form new cells. 
Generally the change of i>osition is accompanied by a 
change in chemical composition. This is the process 
of Metastasis. The two processes may thus be con- 
trasted : — 


I. The elalx>ration of the 1. The change of one or* 
inorganic elements coniaincd ganic compound into another, 
in COy and 11,0 into organic 
cumjKmnds (carbohydrates). 
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Assimilation.* 

2. Occurs only in cells con- 
taining chlorophyll. 

3. Takes place only under 
influence of light. 

4. Much oxygen is libe- 
rated. 


5. The dry weight of the 
plant is increased by the fixa- 
tion of carbon and fonnation 
of carbohydrates. 


Metastasis. 

2 Occurs in all cells of the 
plant, whether containing chlo- 
rophyll or not. 

'3. Is a constant process in- 
pendent of light. 

4. Oxygen is taken 141, or- 
ganic matter is oxidised, and 
c<iiiivalent quantities of car- 
bonic acid li Iterated. 

5. The dry weight of the 
plant is diminished by the loss 
of weight from oxidation and 
liberation of carlxmic acid. 


Examples of metastasis can be seen in the potato 
and .sugar-beet. In the potato, starch is formed in the 
chlorophyll -bearing cells of the leaf by assimilation. 
By metastasis this starch is changed into a glucoside 
in the stems, and is converted back into starch in the 
tubers where it is stored up as a reserve material for 
the future use of the plant. The sugar-beet forms 
starch in its leaves, but in the leaf-stalk this is con- 
verted into grape sugar, and into cane sugar in the 
thick tap-root in which it is stored up. 

The growth of plants is a result of assimilation, 
The size of leaves depends on the quantity of sub- 
stance assimilated while they are unfolding. Starch 
can be seen forming in the leaves, but only when there 
is an excess produced, more than is required for the im- 
mediate wants of the plant Generally, plants form an 
excess of assimilated substance, and this is stored up 
as ‘ reserve material ^ in special ‘ reservoirs of nutrient 
matter,^ such as thickened roots, tubers, stem-tubers, 
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rhizomes, bulbs, &c. The medullary rays in the stem 
of dicotyledonous forest trees are filled with starch, as 
reserve material, in winter. The leaves of many ever- 
greens serve as reservoirs, the nutrient matter passing 
over into the stem just before the leaves fall off. 
Seeds also have large stores of reserve material of dif- 
ferent kinds in the endosperm and perisperm (the so- 
called albumen), or in the cotyledons. Owing to the 
presence of this reserve material seeds can grow in 
the dark, the reserve matter being converted by me- 
tastasis into material necessary for the growth of the 
plant. Potatoes grow in cellars at the expense of 
the reserve matter. In dark cellars they form no 
green leaves, only scale-leaves with tubers (short 
thickened brandies) in the axils. During the growth 
of seeds, bulbs, tubers, &c., in the dark, the actual 
dry weiglit is diminished, although the size has in- 
creased. Growth depends on the presence of Con- 
structive materials in plants, — substances that can be 
used to form cell-walls and protoplasm. These con- 
structive materials are starch, cellulose, sugar, fats, 
inulin, and the glucosides, such as tannin ; also albu- 
minoids and asparagin. All these materials are stored 
up in the plant, and used in constructing its body. 

Certain substances are formed during metastasis 
that are not constructive ; they cannot be used again 
by the plant, and become as it were excretions. 
These are divided into two groups : i. Degradation 
Products j and, 2. Secondary Products of Metastasis. 
Degradation products are due to chafes in the 
organised substance of the plant, but the substances 
formed can never be reconverted back into constrac- 
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tive matter. Thus wood, cork, and mucilage are pro- 
ducts of degradation of the cell- walls, while degrada- 
tion of protoplasm and chlorophyll also occurs. The 
products of degradation of the ceil- wall are of im- 
portance in giving strength and solidity to the plant, 
or affording protection. Secondary products of me- 
tastasis are formed in cells during metastasis, but 
remain inactive when formed, being apparently of no 
use to the plant. Many of these secondary products 
are, however, of great importance economically. As 
examples of secondary products we may take colour- 
ing matters, ethereal oils, resinous matters, many 
vegetable acids and alkaloids. Other substances are 
formed incapable of being again used by the plant, 
but serving important functions, as for example, the 
secn-etion of nectaries, to attract insects, essential in 
fertilisation ; or the sweet material in the pericarps of 
many fruits, concerned in the scattering of the fruits 
and seeds. 

Reserve materials are chiefly fat, starch, inulin, 
&c. Fat or oil is common, especially in seeds, as in 
the colza, castor oil, &c* Chocolate seeds, Brazil 
nut, and common nuts contain quantities of fat or oil. 
Starch is formed in the majority of ceases. Inuline 
also occurs as reserve material, as in chicory, dahlia, 
Jerusalem artichoke and other Compositae. Sugar is 
only rarely present as reserve material, as in the 
sugar-cane and sugar-beet. Cellulose itself also exists 
as a reserve material in some seeds. Albuminoids 
are also stored up in different forms. In most plants, 
transitory starch is formed, but it is at once used up 
in different ways. 
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Assimilated materials are either conveyed at once 
to the growing parts, or else if there is an excess, the 
excess is stored up in some reservoir, from whence 
after a period of rest it is again taken to be used 
in growth. In annual plants the assimilated materials 
are taken to the growing parts, and no reservoirs are 
fomied, the only reserve matters being present in the 
seeds. In other plants a part of the material is 
stored up in a reservoir. The carbohydrates and fats 
are conveyed through the parenchymatous cells of the 
part, and these cells have an acid reaction. The 
albuminoids and exceeding minute grains of starch 
are conveyed through the soft-bast, the bast-paren- 
chyma and sieve- tubes, and these have an alkaline 
reaction. 

I^ticiferous vessels and cells contain albuminoids, 
fats, starch-granules, and carbohydrates, as well as 
numerous secondary products of metastasis, which re- 
main inactive after their formation ; but many are of 
importance to man, as opium, India-rubber, and many 
others. 

Nxitritioiji of Parasites. — Most parasites and all 
saprophytes contain little or no chlorophyll, and are in 
consequence generally of a brownish or white colour. 
In the higher ones the assimilating organs are defec- 
tive, the foliage leaves being reduced to mere scales. 
These plants cannot assimilate. They exhibit metasta- 
sis, and take up oxygen, giving off carbonic acid. Some 
parasites are attached to roots, as Orobanche ; others 
to stems by sucker- like roots, as the dodder \ or the 
plant consists of a huge dower, as the Rafflesia Arnold! 
of Java attached to the stem of a species of Cissus. 
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Other parasites contain chlorophyll, and only take a 
portion of their nourishment from the host on which 
they grow, as the mistleto. The Euphrasia and other 
plants belonging to the Scrophulariaceae are green 
plants, parasitic on the roots of grasses. Saprophytes 
obtain their nourishment from decomposing organic 
matter, and as examples of colourless, or nearly colour- 
less, saprophytes we may take Neottia Nidus-avis, the 
bird-nest orchid, Corallorhiza innata, the coral-root 
orchid, a rootless plant, with a coral-like underground 
stem and root-hairs, and Epipogum aphyllum, a plant 
only once found in England. 

Carnivorous Plants. — All plants must have nitro- 
gen supplied to them. It is not taken direct from 
the atmosphere by any plant, but is obtained from the 
nitrates and ammonia salts in the soil. Some ])lants 
do not obtain the whole of their nitrogenous food in 
this way, but obtain a part of it in a peculiar manner. 
These are the so-called carnivorous plants. Gene- 
rally they are plants growing in marshy pLices or in 
water, and most of them have defective roots, 
others being rootless. The sundews, Drosera, and 
butterworts, Pinguicula, grow in marshy places ; Utri- 
cularia and Aldrovanda in water. 7’he pitcher plants, 
Nepenthes, the water-pitchers, Sarracenia, and the 
Venus fly-trap, Dionasa, all grow in marshes. All 
these plants are furnished wdth special appliances for 
obtaining a supply of nitrogenous food, to supplement 
the small quantity to be obtained in other ways. The 
Venus fly-trap catches and retains insects by its pecu- 
liar trap-like leaves, llie pitchers of Nepenthes and 
Sarracenia always contain a number of insects caught 
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by the fluid in the interior. Utricularia has special 
bladders acting as traps to water-fleas and small water 
animals. The glandular hairs of the sundew catch and 
retain insects, the peculiar hairs or tentacles being 
irritable, and moving both when slight pressure is 
applied and when some nitrogenous matter comes into 
contact with them. The insects when caught and 
killed are in some cases, as in Drosera, Dionasa, and 
Nepenthes, covered with a secretion containing an 
acid, and a substance closely resembling pepsine, and 
a true process of digestion goes on similar to the 
digestion in the stomach of an animal The digested 
matter is then absorbed, and during the absorption 
special movements are noticed in the protoplasm 
of the cells of the tentacle. These movements are 
described as movements of aggregation by Mr. Dar- 
win. In Sarracenia and Utricularia, the animal matter 
is not digested, but becomes putrescent, and the 
putrescent matter is then absorbed ; thus contrasting 
with those forms in w^hich a true process of diges- 
tion precedes, the absorption. 

Inspiration of Plants. — Plants, like animals, re- 
spire by taking up oxygen from the air, oxidising a 
part of their organic substance, and giving off car- 
bonic acid, small quantities of water being probably 
formed at the same time. The process of assimila- 
tion w^as formerly mistaken for that of respiration. 
Plants cannot live without oxygen any more than 
animals, a proper supply of oxygen being necessary 
for the life of the protoplasm as well as for the oxida- 
tion of nutrient substances during the process of me- 
tastasis. Throughout the whole life of the plant, by 
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day as well as by night, oxygen is being taken up, 
and equivalent quantities of carbonic acid given off. 
During the day the carbonic acid thus given off is at 
once decomposed and the carbon again assimilated ; 
the large quantity of oxygen given off during the 
process of assimilation completely obliterating all 
trace of the products of respiration. Germinating 
seeds and growing parts require large cjuantitics of 
oxygen ; so also do plants containing no green colour- 
ing matter. The taking up of oxygen and the giving 
off of carbonic acid are the cause of the loss of weight 
in germinating seeds, and also the cause of the evo- 
lution of heat. Whenever oxygen is taken up, heat 
is evolved. AVhen flowers are expanding and the 
pollen ripening, rapid oxidation occurs, and conse- 
quently there is a considerable evolution of heat In 
the Aracese, the heat being confined by the spathe, the 
increase of temperature, wliich often amounts to from 
4° to 10" Cent., may be easily detected. An increase 
of temperature amounting to about 0*6" Cent, is ob- 
served in the flowers of the Victoria regia. Funguses 
often show a considerable increase of temperature 
during the ripening of the spores. The increase of 
temperature during respiration is most marked in the 
malting of barley. The grain is soaked in water and 
then drained and thrown into heaps. The grains 
begin to germinate, and a marked rise in temperature 
is noticed. When the radicles are about half an inch 
long, the starch has been mostly changed into sugar ; 
the malt is then dried rapidly to destroy the vitality of 
the seed. The sugar thus formed by metastasis jiro- 
duces alcohol when the malt is fermented* Fungi 
U H 
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contain large quantities of phosphates, usually potassic, 
and are often phosphorescent and luminous during 
rapid oxidation. Movements of protoplasm and the 
movements of variation in .sensitive plants cease en- 
tirely when the j)lants are deprived of oxygen and 
respiration is prevented. 

Movement of Water in Plants. — Dependence on 
the presence of water is a characteristic of all living 
things. Whenever changes are going on in a part, or 
nutrient matter is required, water must be supplied. 
Not only is water contained in the cell-sap, but the 
cell-wall, nucleus, protoplasm, &c., are all saturated 
with water. There is both a slow and a rapid move- 
ment of water in plants. Some plants have both 
these movements, some only the slow ; but none have 
the rapid movement only. The slow movement ac- 
companies growth and nutrition, and depends on 
osmose or endosmose. The rapid movement occurs 
only during transpiration. When a dense fluid is se- 
parated by a membrane from a rarer fluid, the rare 
fluid will gradually pass through the membrane to the 
dense one, diluting it: this is the process of endos- 
mose. A cell-wall forms a }>orous septum or mem- 
brane ; if there is a dense fluid on one side, and a 
rarer fluid on the other side, the latter j)asses through. 
A cell containing protoplasm, with a large proportion 
of water, will give up water to a cell containing a 
smaller proportion of water. Hence old parts of 
plants lose their water quickly, while the young parts 
retain it much longer, as is seen in the case of cut 
flowers. The young cells are filled almost entirely 
with dense protoplasm, while the old ones contain 
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cell- sap with little or no protoplasm. The apex of a 
plant, the growing part, needs much water ; its pro- 
toplasm being dense is able by osmotic action to take 
the fluid from the next cell, which is a little older and 
the protoplasm a little less dense ; this one takes it 
from the one below, this from the next, and so on, 
until the old parts are reached and left dry if the 
plant is not able to obtain a renewed supply of water 
through the roots or cut portion of the stem. The 
slow movement takes place in the parenchyma and 
protomeristem tissues. 'J’he rapid movement serves a 
special purpose ; it su])plies the water that plants give 
oft' as watery vapour by transpiration through the 
stomata. The stomata communicate wuth intercel- 
lular spaces in the ground tissue w'here the fibro- vas- 
cular bundles chiefly ramify. The water is conveyed 
through the wood portion of the bundle, the x.ylem, 
reaches the intercellular spaces and the stomata, and 
is there exhaled as watery vapour. This is the rapid 
movement of water, the wood prosenchyma cells are 
really empty, the water being conveyed through the 
walls and not in the tubes. 

Transpiration is the exhaling of this watery vapour 
by the stomata, which are found chiefly on the under 
surface of leaves. In darkness the stomata are almost 
or quite closed, hence very little watery vapour is 
exhaled then, and if the temperature be low, the 
process becomes slow or perhajis may cease altogether. 
As light and heat are increased, so the quantity of 
watery vapour given off increases, and therefore the 
movement of water in the xylem of the fibro-vascular 
bundles increases in rajhdity. Light is especially 
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essential, for it acts on the stomata, which are closed 
in darkness and opened in bright light, even if the 
temperature be low* Thus a cabbage will transpire 
1 7*0 grammes of water in an hour between ii and 
12 noon, with the temperature at 21° Cent., and the 
sun shining ; only 1*5 grammes between 4 and 5 p . m ., 
darkness beginning and the temperature 14^ Cent. 
In the cherry kiirel the following results w'ere ob- 
tained ; — 

Water lost. 

In sun, I hour. , . . . 3 '03 per cent. 

In dillused light, l hour . . . 0*59 ,, 

In darkness (artificial) i hour . . 0'45 ,, 

Another exjjcriment was tried with the following 
result : — 

Water lost. 

Sun, I hour . . Saturated 25^96 per cent. 

DitTused light, I hour J atmosphere. o*o ,, 

Sun, I hour . . Dry 20*52 ,, 

Diffused light, i hour/ atmosphere 1*69 ,, 

In both these ex|>eriments the shoots were placed 
in a bell-jar, one with veiy moist air in the sun, one 
with moist air in ordinary diffused light. In the 
second case the air was thoroughly dried by passing 
through sulphuric acid and calcium chloride tubes. 
The slioot in the stilurated atmosphere and in the sun 
lost more than a cpiarter of its weight, but lost nothing 
in ordinary diffused daylight, in the sun in dry air 
the loss was far less. A saturated atmosphere and 
sunshine can only occur very exceptionally, as for ex- 
ample in tropical climates and in green-houses ; but 
it is essential for the proper treatment of plants in 
green-houses that attention should V>e paid to the 



Rapid Movement of J Fa ter. lOl 

effects of moisture and sunlight, for, unless carefully 
shaded from the sun, plants will give off so much 
water that they will droop and wither. The above 
exj)eriments also show that plants do not take up 
water by their leaves from a moist atmosphere ; but 
that their roots must be supjdied with j)lenty of water, 
which will be taken up by the root-hairs into the plant 
The water thus taken up is not pure, but contains 
certain mineral substances in solution. These pass 
through the root to the fibre -vascular bundles of the 
stem, then to the leaf, where the water is transpired. 
When the leaves give olf more moisture than the root 
takes up, the plants will wfither or wilt. This fact is 
important in the culture of vines, as the roots are 
generally outside, and the stem and leaves inside the 
hothouse. If the leaves in the wann atmosphere give 
off’ a large quantity of water, while the temperature is 
very low out.side, the plant wull not be supplied with 
sufficient moisture, because the root can only take up 
welter after a certain degree of temperature has been 
reached, for the same reason cut flowers w'ither. 
The leaves transpire more fluid than the stem can 
take u}) ; although for a certain time the stem is able 
to supply the necessary moisture, it cannot do so long. 
If the bark, the bast, and cambium are removed from a 
tree the water still ascends, for it is through the xylem 
or wwd portion of the bundle that this rapid current 
passes up the stem. Ex{>eriments with coloured fluids 
also prove this. In order to a.scertain the rapidity of 
the movement of fluid through wood, coloured fluids 
and solutions containing salts of lithium have been 
employed, as the least trace of this substance can be 
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detected hy the spectroscope. In the cherry laurel the 
rapidity of ascent is 40 inches per hour in sunshine ; 
in other plants it is more rapid. Pfitzer obtained 
a rapidity of ascent of 22 metres per hour, or ^ metre 
per minute in Helianthus. It has also been found 
that, when the plant is transpiring most rapidly and 
most water is moving through the stem, the wood 
cells and vessels are filled with air ; but this air, as 
shown by Hbhnel, is not at the ordinary pressure of 
the atmosphere, but under diminished pressure ; it is 
therefore rarefied, and this explains the movement of 
the fluid which rushes to fill up the available space. 
If mercury even is introduced it ascends far up the 
stem in consequence of the rarefaction of the air in the 
vessels. Hohnel found that mercury ascended from 20 
to 30 centimetres in the vessels in a few seconds. When 
experiments were tried with coloured fluids these were 
found chiefly round the vessels. If the movement of 
the mercury in the vessels was greater than the move- 
ment of fluid in the ( cll-walls, a source of error would 
be introduced into the experiment with solutions of 
lithium and coloured liquids ; but no error has been 
introduced, because the movement is far more rapid 
through the cell-walls than through the vessels con- 
taining rarefied air. It is remarkable that a surface 
cut in the air is not so well able to take up fluid as 
when it is cut under water, for in the fonner case 
some change immediately takes place in the cut surface 
rendering it imable to absorb the water, while if cut 
under water it is able to absorb. Cut flowers should 
have a second portion removed from the stem under 
water j they then remain much longer fresh. It is also 
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important in performing experiments on cut shoots to 
make the cut under water. 

It appears that the aerial parts of plants, as stems 
and leaves, cannot absorb water. We might expect 
that the up])er surface of the leaf being ex|>osed to rain 
could absorb some, but it does not ; the upper side of 
the leaf is not usually provided with stomata, and is 
covered with a continuous cuticle often ^\CLxy and water- 
proof. The aerial roots of orchids may do so, however, 
as in the epiphytic fomis they have a special layer of 
cells, and must be almost entirely dependent on the 
water thus taken up. In forest trees having circum- 
ferential growth (dicotyledons), tlic channel for the 
conveyance of liquid in the fibro-vascular bundles 
gets larger and larger, because as the crown of leaves 
increases in size and more fluid is required, the 
channel is enlarged. In an ordinary forest tree, a full- 
grown elm for exam})le, the area of the leaves is very 
great, so that immense quantities of water are given off, 
and a very rapid movement required. In palms and 
fern.s, after the maximum size of stem is attained, the 
number of leaves remains nearly constant. There is 
a crown of leaves, and as a new one forms an old one 
falls off, so the number and area of the leaves remain 
constant Hence there is no provision for the increase 
in the size of the channel conveying the water, and no 
circumferential growth. Plants growing under water, 
or such parts of plants as are under water, are generally 
very soft, as the woody change does not take place in 
the xylem of the bundles. The bundles are thus often 
softer than the surrounding tissue, as no channels 
are required, the water being easily taken from the sur- 
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rounding medium. The movement i.s apparently partly 
due to suction ; the fluid evaporates and fresh water 
rushes in to fill up the place by a process of osmose. 

The root action in taking up water is also due to 
endosmose. It has been found that root-pressure 
occurs chiefly in the early spring, when the leaves are 
just opening. I'hen the pressure gradually diminishes 
until, when the plant transpires most, this root-pressure 
is entirely absent. The amount of pressure is deter- 
mined by a manometer, consisting of a tube bent like 
the letter S, and filled with mercury. The jiressure is 
shown l)y the height to which the column of mercury 
is raised. Thus the vine has been noticed to raise a 
column of mercury 804 mm., and the common sting- 
ing nettle 354 mm. The root-pressure is the cause of 
the bleeding of trees in spring, seen in the birch, 
maple, and others. The fluid exuded consists of water, 
with mineral matters in solution, taken up directly 
from the soil, and the reserve matters from the stem. 
This bleeding ceases as soon as transpiration is e.stab- 
lishcd. Root'])re.ssure is also the cause of the exuda- 
tion of drops of water from small plants, as grasses, 
aroids, and Alchernella. An exudation of fluid from 
cut branches, sometimes confounded with bleeding, 
takes })lace in winter when the part is wanned. The 
increase of temperature expands the air mixed with 
tlie fluid, and causes the fluid to be forced out of the 
stem. When cooled the air contracts, and fluid will 
be sucked in. This exudation or movement of 
liquid by increase of temperature can only occur in the 
winter and early s[>ring, before the leaves unfold and 
transpiration begins, because it is then only that air 
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and liquid exist together in the cavities of the wood- 
cells. 

Movement of Gases in Plants. — Every cell re- 
quires oxygen, and every cell containing chlorophyll 
must l)e sui)i)lied with carbonic acid. Gases must 
therefore move about in plants, and even reach the 
interior of the cells. Thus gases move in the inter- 
cellular spaces of plants by changes in the equilibrium 
caused by the absorption or formation of carbcmic 
acid ; by changes in temi)eraturc and barometric! 
pressure; and by the movements of the ])art due to* 
the action of the wind. .The rapidity of the move- 
ment will depend on the size of the eavily. Diffusion 
also occurs ; the gas being absorbed by li(]uid, and thus 
entering into the interior of the cell. In the lowest 
plants diffusion is the sole cause of the movements, the 
cell obtaining gas directly from the surrounding water 
or air. Submersed water-plants without stomata take 
gases into their cells directly from the surrounding 
water by diffusion. Many of these ])lants contain 
large ainspaces, which facilitate the supply of gas to 
different parts of the i)lant In these air-spaces the 
gas sometimes collects under pressure, so that w^hen 
the part is injured the gases escape with some force. 
In land plants, the stomata of the ei)idermis permit 
free entrance and escape of gas. These communicate 
with intercellular spaces throughout the plant, Other 
parts of land plants, especially those on which the 
cuticle of the epidennis is feebly or not at all 
developed, permit the direct diffusion of gas. The 
gases needed by the plant thus enter either by open- : 
ings (stomata), or by diffusion through the walls. The 
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latter mode is the only one in many unicellular or 
multicellular plants, as thallophytes and submersed 
water ])lants ; while gases enter both by diffusion and 
by the stomata in the higher plants. 

Molecular Structure of Plants. — Most of the 
phenomena of plant-life depend upon the molecular 
structure of plants. All plants consist of two things, 
water and solid substance, the quantity of water vary- 
ing in different parts. Naegeli studied the solid sub- 
stances carefully, and he advances the theory that the 
ultimate solid particles of plants are probably more 
or less crystalline, and as they are mostly, if not all, 
doubly refracting, they must have different degrees of 
elasticity in different directions. Each of these ulti- 
mate particle>s is surrounded by a layer of water, the 
quantity of water varying, and the size of the particles 
also var)ung. But it is only within certain small limits 
that the quantity of water is variable ; beyond this 
limit, if loo mucli or too little water be present, texture 
will be destroyed. The striation of cell-walls depends 
entirely on the quantity of water surrounding the par- 
ticles, as previously explained. This theory of Naegeli 
accounts for all the changes that talce place in cells 
and cell-walls, the growth of the starch granule, ficc. 
There is a sheath of water around each particle of 
solid matter in the wliole plant, a condition which at 
once explains the rapid current of water in the xylem. 
The nutrition of plants is by the intussusception of 
new material betw'een the old particles. This mode of 
growth is characteristic of all living things, and is very 
different from the growth of minerals, crystals, &c., by 
apposition. The changes are due to a disturbance 
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and a restoration of the equilibrium between the 
various parts. There are constant chemical changes 
going on during nutrition, and electrical changes also, 
])ut these are less known. So delicate is the balance 
of the equilibrium, that it is destroyed even by the 
influence of light, and plants decompose the carbonic 
acid of the air, fix the carbon, and give off oxygen. 


CHAPTER V. 

GENERAL CONDITIONS OF LIFE OF PJ.ANTS. 

Eelations of Plant-life to Temperature. — It is 

only in exceptional cases, and under special condi- 
tions, that any marked development of heat occurs in 
plants; hence the temperature of the ])lant-l>ody almost 
wholly depends on that of the surrounding medium; 
equality being produced by radiation and conduction. 
The underground or submersed parts of plants gene- 
rally have the same temperature as the soil and water, 
as these media change their tem|>erature very slowly. 
The thin parts of plants, such as stems and leaves, 
are generally colder than the surrounding air, owing 
to radiation. At night this is well-marked, especially 
when the sky is clear, the lowness of the temperature 
of the parts being shown by the fonnation of dew or 
hoar frost upon them. Transpiration and evaporation 
also cause the leaves to be cool during the day. The 
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bark and wood of massive stems are bad conductors, 
hence their temijcrature rises and falls very slowly ; 
from this it follows that during the day, while the 
temjjcrature of the air is rising, these stems are gene- 
rally colder than the surrounding air, and reach a 
maximum after the maximum clay temperature has 
been passed ; then they slowly cool, the atmosphere 
cooling much more rapidly, and hence during the 
night the stems are warmer than the surrounding air, 
I'wery function of a plant can only be performed 
within a certain range of temperature, the function 
l)eing e(]uall}' in abeyance when the temperature is 
below a certain minimum and above a certain maxi- 
mum. I'hese limits may be taken as Cent, for the 
minimum and -f- 50^^ Cent, for tlie maximum, or be- 
tween 32" and 12 2^^ Fahr. When the temperature 
sinks l»elovv 0° Cent, the functions of almost all plants 
cense, and if the temperature sinks still lower many 
plants are killed. So when the temperature rises 
above 4 - 50° Cent the functions cease to be per- 
formed, and a further rise raj)idl)' kills most plants. 
Few jjlants are active at all temperatures throughout 
the M'hole range from to -g 50° (Generally the range 
is much more limited. 'J'hus the germination of the 
seeds of Indian corn only takes place when the tem- 
perature has reached -f 9*5"^ Cent, that being the 
minimum. The maximum is -F 46*2'^ Cent, and 
above that temperature no germination of Indian com 
takes place. The actual range between the minimum 
and maximum is thus 367° Cent 

As the temperature rises from the minimum, the 
activity of the function increases with the rise in 
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temperature until a maximum of activity is attained 
called the optinn/m. After the optimum is reached 
the activity of the function rapidly decreases until 
the maximum temperature is reached, and all ac- 
tivity has ceased. I'hus in the Indian corn the 
optimum of germination is 4 * 337° Cent, the in- 
crease of even a few degrees of temperature causing a 
rapid decrease in the activity. 1'he range from the 
minimum to the optimum is thus 24*2'^ Cent, while 
that from the optimum to the maximum is only 12*5^ 
Cent. The difference between plants from w’arm and 
cold climates is shown by the minimum, optimum, and 
maximum temperatures. Thus in the germination of 
barley, wheat, Indian corn, and pumpkins, we have 
the following result : — 


Name 

1 Minimum. 

( >1)1 i mum. 

'Maximum 

i 1 

Range 

i 

Ilortleum viilgart’ 

. ’ 5 

•f 287''-^ 

i 1 

i + 377'’ 

327° 

Triticum vulgarc 

5' 

287 

! 42-5 

37-5 

Zea Mais. 

9'5 

337 

i 46-2 1 

367 

CucumisPepo, 

•j *37 

i 3 T 7 ; 

' 4 < 5'2 1 

32 'S 


The destructive influence of high temperatures on 
plants depends almost wholly on the quantity of water 
in the part. Thus parts with little water in the proto- 
plasm, as seeds, A\'ithstand not only a high tempera- 
ture, but also a very low one. Dry jjcas may be 
exposed to a temperature of -f 70® Cent, fur one hour 
without losing their germinating power. If, however, 
they are previously soaked in water they are killed by a 
temperature of -f 54° Cent. I'he ordinar}^ watery part 
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of plants cannot bear the prolonged action of a tem- 
perature higher than + 50° Cent in air and +45'' Cent 
in water without being killed. Some seeds will even 
withstand higher temperatures. Thus in Australia the 
seeds of Clianthus are put before sowing into a vessel 
and boiling water is poured upon them, the seeds re- 
maining in the waiter until it is cold. 

Plants are easily injured or killed by exposure to 
low temperatures. Parts containing little w’ater may 
be subjected to intense cold without injury. Such 
plants as lichens, funguses, and mosses withstand ex- 
treme degrees of cold, and are also uninjured by being 
dried up. Seeds, and the buds of trees, are not in- 
jured so long as they contain little wiiter ; but as soon 
as the seeds begin to germinate or the buds to open, 
and large quantities of w^ater are present in the cells, 
then the injurious action of frost at once becomes ap- 
parent. The injury is caused by the w^ater separating 
from the protoplasm and other contained substances, 
and becoming frozen outside the cells, as the w^ater 
does not freeze inside the cells. The ice crystals often 
form in quantities, causing considerable injury to the 
tissues ; but the greatest injury is done by the forcible 
abstraction of water from the protoplasm. If thawing 
be gradual, the formation of ice does not injure some 
plants, and the tissues recover, the water being again 
absorbed. If, however, the thawing be very rapid, 
the water suddenly liberated is not absorbed, and de- 
struction of the part follows. In many plants, frost 
at once causes the death of the part, whetlier thawing 
be slow or rapid. Frost-sj)litting of the stems of ever- 
green shrubs, such as the Portugal I.,aurel, is not 
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uncommon when the temj^craturc sinks very low. The 
splitting is due to the contraction of tlie l^ark and 
outer layers of wood by the cold; hence as soon as 
the temperature rises the contraction ceases, and the 
openings close up without injury to the j)lant. Cold 
often causes a change in the colour of many evergreen 
leaves. Some leaves, as those of Taxiis, Juniperus, 
and Buxus, lose their colour, and become brownish, 
yellowish, or rusty ; while others, as those of Sedum 
and Mahonia become red on the upi>er surface. In 
the former the chlorophyll grains become disorganised, 
the whole protoplasm becoming cloudy and of a 
brownish or yellowish colour. In the latter the grains 
of chlorophyll remain unaltered in colour or appear- 
ance ; but coloured masses, either red, or pale yellow, 
occupy the upper part of the cells. Here the red- 
colouring matter is soluble in water and gives, on 
spectrum analysis, the same bands as the red-colour- 
ing matter of flowers. The change is due to the 
cooling of the part by radiation. Light does not cause 
any alteration, and the green colour is restored when 
the temperature rises. The restoration is a slow pro- 
cess, while the change in colour may be effected in a 
single frosty night. 

Eelations of Plant-life to Light.— No assimilation 
can go on without light; hence growth, when dependent 
on assimilated matter, is dependent on light. Plants 
containing no chlorophyll, and parts of plants that do 
not assimilate, are independent of the action of light. 
Funguses grow well in the dark, mould appearing on 
substances even in the deejiest darkness, and others 
growing in mines or cellars, or like the truffle, living 
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underground. The growth of seeds, tubers, and bulbs 
is independent of light, as is also the formation of 
wood in the cambium layer, and the development of 
new cells in buds, or at the apex of the root. As in 
the case of tem})erature, so with light, a certain mini- 
mum, optirniirn, and maximum are found to exist. The 
limits, however, are not well defined, as we possess 
no instrument equivalent to the thermometer enabling 
us to measure the intensity of light. In the absence 
of light, chlorophyll-bearing parts do not assimilate, 
and if the deprivation be continued for some time the 
chlorophyll granules become destroyed. When a })or- 
tion of a green plant is taken into a dark box while 
the rest remains freely ex|)oscd to the action of the 
light, certain changes are exhibited by the ].>arts grown 
in darkness, 'rims all chlorophyll-bearing parts are 
blanched or etiolated, and are therefore of a pale 
colour, while the size of the parts becomes greatly 
modified. The leaves are exceedingly small and im- 
perfectly developed, the growth of the leaf depending 
to a great extent on the supply of matter assimilated 
by the leaves themselves in their young state. The 
internodes, on the other hand, are greatly elongated, 
thus offering a marked contrast to the leaves. The 
light exercises a retarding influence on elongating 
parts ; hence in the absence of light the growth is 
excessive. Parts not containing green colouring matter, 
as parts of the flower, are not generally altered by the 
absence of light, and retain their nonnal size and ap- 
pearance. Such an experiment as the above, shows 
that there is a two-fold action of light, one chemical, 
the other mechanical 
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The chemical actions of light are shown, first, in 
the formation of chlorophyll, and second, in the assi- 
milation in chlorophyll-bearing cells. Parts in the 
dark do not form chlorophyll. The granules are 
formed, and are apparently of the normal size and 
shape, but instead of chlorophyll, a yellow modifica- 
tion of it, called etiolin, is produced. When etiolated 
parts are exposed to light and heat, the chlorophyll is 
developed, and the parts assume their normal aj)})ear- 
ance. The seed-leaves of many pines and the leaves 
of ferns become green in darkness, thus aflbrding 
remarkable exceptions to the general law. In the ferns, 
however, the chlorophyll grains formed in darkness are 
smaller than those normally produced. The depend- 
ence of the process of assimilatioJi on the presence of a 
proper amount of light and a sufficiently high tempera- 
ture ha.s already been described. The effects of differ- 
ent quantities of light may be seen in the results of the 
following experiments. Twelve seeds of Indian cress 
were selected of as nearly the same size and weight as 
possible, and four of these seeds were i>Iaced in each of 
three pots. No. i was placed in darkness. The result 
was a gradual loss of weight during germination, and 
ultimate death from exhaustion, the plantlets only 
living as long as any assimilated substance remained in 
the cotyledons. The plants being in darkness were 
unable to assimilate new matter for themselves. No. 
2 was placed for seven hours every forenoon in diffused 
light at a window feeing the west. Germination readily 
took place, and the plants were permitted to grow for 
three months. At the end of this time they had gained 
five grammes of dry weight. No. 3 was placed con- 
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stantly at a west window, so that they got direct sun- 
light in the afternoon. These in three months had 
gained twenty grammes of dry weight The chemical 
action of light is limited almost entirely to the rays 
at the red end of the spectrum. If we take the total 
amount of carbonic acid decomposed by white light 
as representing loo, the proportion decomposed by 
the different rays are the following : red and orange 
32 ; yellow 26 ; green 15 ; blue and violet 7. 

The mechanical action of light depends on the 
violet end of the spectrum, the red rays producing no 
more effect on the j)lant than if it were in darkness. 
The plasmodia of some Myxomycetes move freely 
during darkness, and retreat when light appears. The 
protoplasm in the interior of cells is also influenced. 
Hence it is that some plants are paler in weak light 
than when the light is strong. This is due to the 
change in position of the protoplasm and chlorophyll, 
the granules being applied closely to the side wall in 
darkness, to the front and therefore most illuminated 
wall in tlm day time. Light also acts on zoospores, 
some moving towards the light, others away from it. 
The retarding influence of the light on growing parts 
is due to the action of the blue rays. These rays also 
act on sensitive plants, red rays causing them to 
assume their night position. 

Electrical Conations of Plantg.-— The constant 
chemical changes going on in the interior of the plant 
give rise to electrical conditions. These have not, how- 
ever, as yet been fully investigated. A considerable 
number of plants are knowm which, when touched by 
solid bodies, or otlierwise irritated in certain parts, 
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exhibit movements like those which are familiar in 
the case of ‘ sensitive plants/ and it has been found 
that, while these movements are taking place, elec- 
trical currents are produced similar to those gene- 
rated in a muscle during contraction. Thus Venus 
fly-trap (Dionasa muscipula) when folding its leaves 
gives rise to a well-marked electrical current in the 
leaf and expanded i)etioIe. A similar condition is 
exhibited by the peculiar stigma of Mimulus. The 
stigma has two flat portions which are expanded in a 
state of repose, but close up when irritated ; an electri- 
cal current occurs during contraction. The peculiar de- 
hiscent berry of the elaterium, or squirting cucumber, 
also exhibits an electrical current when contraction of 
the pericarp occurs, and the seeds are scattered with 
considerable violence. 

The sap of trees is a good conductor of elec- 
tricity; hence it is probable that owing to the different 
electrical conditions of the earth and air, plants may 
to some extent act in equalising the difference between 
their electrical conditions. According to Osborne 
Reynolds, the destructive influence of lightning is due 
to the sudden conversion of the moisture in the plant 
into steam, thus causing disruption of the tissues. 

Weak constant currents exercise little or no effect 
on moving protoplasm, a stronger current aruses re- 
tardation, and ultimately stoppage of the motion. 
Changes in the form of the mass of protoplasm in the 
interior of a cell are caused by sufliciently strong 
electrical currents. These are similar to the changes 
produced by a high temperature. 

Weak induction currents act on sensitive and 



1 1 6 Physiology of Plants. 

irritable plants, in the same manner as a mechanical 
stimulus. In Desmodium gyrans a strong induction 
current permanently destroys the movement of the 
leaflets, but does not kill the plant. 

Influence of Gravitation on Plants. — All parts of 
all plants are constantly influenced by gravity, and 
accordingly there is a recognisable relation between 
the formation of most parts of plants and the action of 
gravity. 'Fhe solid massive stems of trees support the 
mass of foliage and branches, and prevent the sinking 
of the whole from tlie superincumbent weight. Climb- 
ing and twining plants, seeds, fruits, and water plants, 
often have special adaptations for overcoming the 
weight of the part, and thus supporting the foliage and 
flow'crs, scattering the seeds, or enabling the plant to 
float. The direction of the axis, upwards or down- 
wards, the position of the branches, the position of the 
leaves are all more or less influenced by gravitation. 
The efiects of gra\'itation on growing parts^re spoken 
of more fully on pages 134 and 135. 


CHAPTER VI. 

THE GROWTH OF PLANTS, 

By growth, is meant an increase of volume, and a per- 
manent change in form of a plant or part, due to the 
intussusception of new nutrient matter. The increase 
in volume and change of form occur together ; hence a 
mere increase in volume due, say, to the imbibition 
of w’ater, is not growth, neither is a mere change of 
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form. The permanent change in form is due to the 
deposit of new matter, of constructive materials, by 
intussusception. The presence of these constructive 
materials is an essential condition of growth. The 
matter may be formed at once by assimilation, or it 
may be obtained from some reservoir, or from the 
older full-grown parts of the plant. Growth often 
takes place at the expense of matter from the older 
parts of plants. Growth occurs only when certain 
favourable conditions are present These conditions 
are either external or internal. The external con- 
ditions are presence of water and proper nutrient 
matter, the presence of a sufficient amount of light 
and heat, and also the influence of gravitation. The 
internal conditions are very important, but very diffi- 
cult to investigate, and as yet no answer can be given 
to tire question why a leaf or shoot assumes a certain 
definite form and no other. All that can be said is 
that the internal conditions are inherited. 

Characteristics of Growing Parts. — Growing parts 
have certain well-marked j)eculiarities. These are, i. 
The capability of swelling up by imbibition of water. 
2. Extensibility. 3. They possess great flexibility, but 
little elasticity, and 4, They are in a state of tension. 
First, a growing part is capable of swelling up by the 
absorption, or imbibition of water or watery solutions. 
The water increases the quantity already existing be- 
tween the molecules of solid matter forming the texture 
of the part, and permits new matter to be deposited 
by intussusception. By the absorption of water, and 
the consequent increase in size of the part, con- 
siderable pressure is exerted in neighbouring parts, 
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and changes of form in those parts are a necessary 
result. Within certain limits a loss of water may also 
take j)lace, and changes of form may be observed, 
due to loss of imbibed water. The second character 
is tlie extensibility of growing parts. When rapidly 
growing internodes are ‘ pulled out,' or extended in the 
direction of their length, they are permanently length- 
ened, not possessing elasticity enough to enable them 
to return to their original condition. As the inter- 
nodes grow older the elasticity increases, and the 
extensibility diminishes. This is shown in*the follow- 
ing tabic taken from Sachs : 



Name. 

Original 
length of 
internode, 

Amount 
of tempo- 
rary elon- 

Amount 
of perma- 
nent elon- 



gation. 

gation. 



nim. 

p. C. 

p. C. 

I. 

Cimicifuga racemosa 

296 

6*8 

3*5 

2. 

Sanibucws nigra 

26 

18*0 

5 4 


Next older internode 

65 

3 'J 

i*i 


Still older irilernodc 

115 

•s 

j o- 

3- 

Aristolochia .Sjpbo 

: 102*5 

4*4 

i I’O 


Next older internode 

! 242 I 

2*2 

* *4 i 

4 - 

Arislolochia Sijdio 

i 33-5 

10-4 

1-5 


Next older intemode 

! 252-5 

1-8 

*4 


In rapidly growing shoots with the tissues very 
tense from imbibed water, the extensibility is greatest 
near the apex. The extensibility diminishes towards 
the basal and older part of the shoot. 

The third characteristic of growing parts is great 
flexibility^ and little elasticity. An intemode when 
bent and then released, is found not to be perfectly 
elastic ; for the part, if originally quite straight, re- 
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mains more or less curved. If afterwards bent in 
the opposite direction to the first, the bendings being 
repeated four times, it is found on straightening the 
internode that its length may have altered, but that 
the permanent residual flexion diminishes with each 
bending. When the intemode is bent it is found that 
the concave side is permanently shortened, the convex 
side permanently lengthened. 

The following results are taken from Sachs : 


Name. 

Length 

ofintcr- 

titnic. 

Radius 
of cur- 
vature 
when 

Radius 
of curv- 
aiiire 
when 
left to 

Thick- 
ness of 
middle 
part of 
niter- 



bent. 

itself. 

node. 

Valeiiaiia officinalis (stalk of 

mm. 

cm. 

cm. 

mm. 

young inflorescence) . 

Before bending . 

I. Bent 

200 

4 

13 

6* 

2, Bent in opposite direction 


4 

21 


3. Bent as in (i) . 


4 

23 


4. Bent as in {2} . 

Straightened 

201 5 

4 



Vitis vinifera (young internode) 

i 


i 


Before t>ending . 

I. Bent .... 

47'5 

2 ! 

i 

1 

S’8 

2. Bent in opi^ositc direction 

i 

2 

6 1 

i 

3. Bent as in (i) . . . i 


2 

6 i 


4. Bent as in (2) . 

Straightened 

47’5 

2 

9 


Vitis vinifera (older intemcKle) 

1 




Before bending . 

I. Bent .... 

i 133 ^^ 

! 

4 

8 

7 1 

2. Bent in opposite direction 


4 

17 

i 

3. Bent as in (I) . 

! 

4 

n 

I 

4. Bent as in (2) . 

Straightened 

1 

i 

4 

1 

25 

1 

i 


' The radius of the ctirvaturc increases a& the curvature diminishes. 
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Name. 

I P .oflr 
|g i s| ■ 

g s ! -S * ■; left to 

-!■- 'IE itself. 

; 

Con- 1 Leng 
traction! thcn- 
of con- ' ing of 
cave ! convex 
side, j .side. 

Ligularia macrophylia 7 5 
mm. thick 

Before Ijcnding 

Bent .... 

Bent again 

Bent in opposite direction 

1 1 I 

1 '90 :■ 

6 17 

5 13 

! ! ^ ■ 30 

I 

3-5 ; 4 - 
1 3'S ‘ 4-5 

1 -s ! 1-5 


A blow on a rapidly growing internode also causes 
flexion, often giving a permanently curved form to 
the shoot. It is obvious from the above that perma- 
nent alterations in curvature can be easily caused by 
bending, and are caused whenever the limits of the 
elasticity of the intemode are passed. 

The fourth characteristic is the tension of growing 
parts. The tension is due to different causes, such 
as, first, the turgidity of the cell from the hydrostatic 
pressure of the contents on the wall ; secondly, the 
imbibition of water by the cell-wall, and consequent 
pressure on the surrounding cells ; and thirdly, the 
pressure caused by changes in the size and forms of 
the cells during growth. The turgidity of the cell 
increases or diminishes according to the quantity of 
water taken up . by osmose, and given off to neigh- 
bouring cells during growth. The turgidity can only 
be seen in such cells as have no visible openings in 
the walls, the porous openings being relatively so 
large that the fluid can readily escape. The tiurgidity 
of a tissue, such as a piece of pith consisting of 



Tension of Growing Parts. J2i 

similar cells, is due to the same cause as the turgid ity 
of the individual cell The imbibition of water by the 
cell-wall is the cause of considerable pressure. The 
more water the cell-wall can imbibe, the greater the 
pressure will be ; hence some walls chemically and 
physically altered will, by imbibing more water than 
others, exercise greater pressure. As it often happens 
that different layers of the cell-wall are of different 
constitution, the power of imbibition varies from 
layer to layer. Loss of water by certain layers may 
also cause tension. The ripening of many fruits and 
the dehiscence of anthers is due to this cause. In 
other cases, as in the dehiscent berry of the squirting 
cucumber, the imbibition is the cause of the scattering 
of the seeds. The movements of the so-called hygro- 
metric plants, as Selaginella lepidophylla, the rose of 
Jericho, the mesembiy^anthemum, the hairs of Andro- 
pogon, &c.,are all due to imbibition. Tension is also 
caused by the change in the form and size of cells during 
growth. This process is worthy of note. By turgidity 
and imbibition the molecules are pressed asunder, and 
placed in positions favourable to the deposition of new 
matter by intussusception. By this process, however, 
the tension is neutralised, but only to be again in- 
creased by the taking up of new water. The limit of 
the elasticity of the cell-wall is being constantly reached 
by turgidity and imbibition, but only to be as con- 
stantly neutralised by the intussusception of the new 
solid matter. 

The tension of growing parts is either longitudinal 
or transverse, that is, either in the direction of the 
length of the intemode or in the direction of the 
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diameter of die part. Longitudinal tension can be 
very clearly demonstrated by taking a rapidly grow- 
ing internode, and cutting off a portion at each side 
so as to leave a longitudinal lamella consisting of the 
central pith with wood, cortex, and epidermis on the 
right side and on the left. The in ter node having been 
carefully measured, a sharp knife is then taken, and the 
pith, wood, and cortex, with the epidermis rapidly iso- 
lated It will then he found, when the strips are placed 
side by side, that they are of different lengths, and 
that each isolated part is quite flaccid. The original 
internode was rigid from mutual tension, and it will lie 
found that the })ith is pnssi^'ely compres.sed, and pre- 
vented from extending, while the ej)idermis is pas- 
sively extended, us the separated pitli will be found 
longer than all the other parts, while the c[adcrmis is 
the shortest. 11ns can be expressed in the following 
way : — 

1 : < C < X < P > X > C > E 

p, the pith, is tlie longest and in the centre. On 
each side is x, the xylem or wood, shorter than the 
pith. The wood is therefore exercising a positive or 
active tension on the pith, while the pith is exercising 
a negative or passive tension on the wood. So with 
the next layer, c, the cortex, it is positive towards the 
wood, but negfitivc towards the epidermis, e. Thus 
each layer is exercising a ]) 0 .sitive or active tension 
towards the one outside it, but a negative or j>assive 
tension towards the one inside it. The following table, 
taken from Sachs, shows the amount of lengthening or 
shortening in the different tissues. The length of the 
internode is taken as loo, and the percentage increase 
or shortening shown for the different parts, pi^h, 
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xylem, cortex and epidermis. The plant taken is 
the elder (Sanibucus nigra). 

Number of internode. ! Change in length of i!je isolated ti.ssues in per 
No. I the youngest. ' cent, of the entire internode. 



Epidermis and 
Cortex. 1 

i 

Xylem. i 

Vhh. 

I. 1 

— 2*6 

-2-6 ' 

4 40 

II. i 

! ->2 0 

--2 -8 i 

+ 5 '5 

III. I 

! 

-.-o*o j 

4- r-5 


These changes are not only observable in the in- 
ternodes, but in the petiole.s of different plants. An 
easy method of showing the tension of the different 
tissues is to take a sharp knife and cut thin strips of 
tissue from without inwards, the curving and sliorlcn- 
ing of the different parts being readily demonstrated 
when the parts are perfectly fresh. When a fresh in- 
temode is split longitudinally into two halves, the 
portions curve. By placing the jx)rUons on a flat sur- 
face the radius of the curvature can be determined, 
and the lengthening and shortening of the different 
parts easily measured. The results of two such ex])eri- 
ments on the bisected intemodes of Silphiuni perfolia- 
tum are thus given by Sachs : — 


Length of entire inter- 

i Radiu.sof 

Contrac- 

1 fjcngthciv 
ing of con- 

Semi-dia- i 

node 

j curv'aturc 

, tion of con- 

meter of the 


: of segment 

cave .side 

j vex side 

- 

intemode 

mm. 

i cm. 

, p. C. 


I mm. 

J f 69 5 . . 

• 1 69 5 . 

! 4 

' 2*8 

9-3 

3 

i 4 

2 ‘4 

! 9.3 

3 

2. / ‘9° • • 

1 190 . 

: 34 

2'S 

9‘5 

3 5 

: 3-4 

2 ’6 

i 10*8 : 

4*5 
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Positive and negative tension exists on the inside 
and outside of each individual layer, as well as in the 
whole stem; hence the curving of each of the separate 
zones of tissue. Roots do not exhibit any well-marked 
tension of the tissues, except in the older parts. When 
the aerial root of an aroid is split longitudinally the 
older parts curve outwards, while at the growing part 
the opposite curvature is observable. The intensity 
of the tension in each internode diminishes with the 
increasing age. The compressibility in the pith ra- 
pidly diminishes, and the extensibility of the wood 
rapidly disappears, that of the cortex and epidermis 
remaining longer. Old internodes cease to exhibit 
any tension, and it is also worthy of remark that the 
apex of the stem or vegetative cone also exhibits no 
longitudinal tension. 

The cause of longitudinal tension is undoubtedly 
the greater rapidity of growth of the pith in each in- 
temode. It is at first too long and too broad for the 
stem, thus stretching the outer tissues, and continuing 
to do so until these tissues are ultimately able to over- 
come it, by, the development of wood and bast. Then 
the activity of the pith itself diminishes, and soon the 
cells cease to be turgid. The activity and turgidity 
of the wood continues after that of the pith, and hence 
tension is exerted on the cortex and epidermis. 

During growth transz/erse tension is produced as a 
result of the longitudinal tension just described, the 
pressure of the pith on the outer tissues influencing 
both their length and breadth. The most marked 
transverse tension occurs, however, in older stems, 
and is not due to the action of the pith, but to the cir- 
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cumferentiai growth of the stem. The tissues formed 
by the cambium ring tend to expand greatly in a 
tangential direction, but are hindered by the cortex 
and epidermis. Hence the outer layers are stretched 
by the action of the inner, and consequently the layers 
of a section when separated are found to have dif- 
ferent peripheral lengths ; each layer being in a state 
of negative or passive tension on its outside, of posi- 
tive or active tension on its inside. I'he condition of 
transverse tension of xylem, phloem, cortex, and epi- 
dermis, may thus be expressed : — 

E < C < Pii. < X. 

A thin transverse section of the stem, when ex- 
amined microscopically, shows the different states of 
tension by the size of the different cells, while a trans- 
verse section of wood shows clearly that the pressure 
increases as the season advances, and the cells be- 
come smaller by the increase of the transverse ten- 
sion. Monocotyledons exhibit similar transverse ten- 
sion due to circumferential growth, as in the tree 
Liliace^e already described. Here, however, the pres- 
sure is due to the development of new ground tissue 
and new hbro-vascular bundles by the meristem layer 
in the stem. 

The cause of the tension in the wood is undoubt- 
edly the imbibition of water by the cell-walls. Wood 
cells when mature are not in a condition to be dis- 
tended by turgidity, because from the hard nature of 
the cell-walls it is too inextensible to stretch. Then 
in wood cells with bordered pits turgidity cannot pos- 
sibly exist, as the water would at once escape through 
the openings. As a result of the transverse tension 
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of the wood we have the occurrence of the splitting 
of the bark, so characteristic of the stems of many 
trees. I'hese fissures become deeper and wider each 
year in Fe])ruary and March. At this time the wood 
is full of imbibed water, and contains the greatest 
amount of water possible, while the bark is dry. By 
the tension of the wood thus produced the fissures 
form or enlarge. Later in the season the cortical layers 
begin to swell u[), and thus die pressure between 
wood and bark is relieved. But now the cambium 
layer becomes active, new wood is formed, and the 
tension gradually increases, to be still further in- 
creased by the dn ing and contraction of the bark by 
cold at a later period, the maximum being attained in 
autumn and winter. In addition to this peculiar 
yearly periodicity in the transverse tension of the stem 
there exists a diurnal variation. The tension dimi- 
nishes from early morning to midday, or even early in 
the afternoon, when the minimum is reached; then 
the tension increases, and the maximum occurs in the 
early morning hours. This diurnal change in tension 
is due to the varying amount of water in the tissues 
during the day and night. During rapid transpiration 
by the leaves the tension is least ; when no transpira- 
tion is going on, and water is accumulating in the 
tissue by imbibition, the tension is greatest. 

Periodicity of Growth in length of Boots, Stems, 
Leaves, &C. — Many parts of plants only grow for a 
certain time, and having assumed a definite form and 
size no further growth is possible. In a few rare cases, 
as in the nodes of grasses, growth may begin anew 
under certain special conditions. Usually, in stems 
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and roots, we can distinguish three regions, charac- 
terised by special peculiarities of growth. First, 
there is the growing point or apex, or vegetative 
cone, consisting of a mass of protomeristem. Here 
new cells are rapidly formed by division, the relative 
length, however, of the zone of protomeristem remain- 
ing nearly constant. Second, the zone of elonga- 
tion. No new cells are produced by division, but the 
increase in size of the cells is very great, hence the 
rapid elongation of this portion of the axis. Third, 
the full-grown part, the zone in which neither enlarge- 
ment of cells nor formation of new cells takes place, 
although the cells arc still active, and performing 
many chemical or physical functions. Proceeding 
from the apex to the base of a part we thus distinguish 
the three important regions, viz. : — 

1. Region of protomeristem. 

2. Region of elongating cells. 

3. Region of mature cells. 

The above applies both to roots and stems. In 
roots the pileorhiza covers the apex ; in the stem no 
such structure exists. In stems, nodes and internodes 
occur, and this introduces a complication in so far 
that the nodes soon cease to grow, while the inter- 
nodes continue to elongate. In the growth of the 
leaf no punctum vegetaiioms exists ; hence the leaf is 
limited in its growth in length, and not unlimited like 
the root and stem. At first the leaf wholly consists 
of protomeristem, and usually all of it is converted 
into permanent tissue. 

Every cell, passing through the stages already fully 
described, is first in the condition of protomeristem, 
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then undergoes elongation, and lastly becomes ma- 
ture. In growing parts every cell, in succession, un- 
dergoes these changes. Every cell, therefore, after its 
formation, begins at first slowly to grow, then reaches 
its greatest rai)idity of growth, and ultimately growth 
declines, until at last it ceases. In a growing part, 
therefore, there is a zone of maximum activity of the 
cells, with slower growing cells on each side of it ; 
and in the case of the stem this zone of maximum 
activity is constantly moving upwards as the part be- 
comes fully grown. Sachs calls the period of growth 
from the formation of the cell to its maturity the Grand 
Period or Grand Curve of Growth, to distinguish it from 
the small diurnal changes occurring during the grand 
period. The duration of the growth varies in different 
parts ; hence it is that some intemodes are shorter 
than others. It is easily noticed that the lowest in- 
teruodes on a shoot are very short, then the length 
increases higher up the stem, and lastly the intemodes 
again diminish in length on the upper part of the 
shoot. The growth of the leaf obeys the same law. 
Different ^plants grow with different degrees of ra- 
pidity ; but the following examples taken from Sachs 
wiW serve to illustrate the general principles of growth 
in length : 


FritilUuria imperialiB 

1 

Elongation of one 
intemode during 
each period of *4 
hours. 

Mean temperature 


mm. 

Cent 

; March 20 

20 

•f 10-6® 

1 M 21 

5*3 

10*5 j 

! »» 22 

6*1 

11*4 

1 t* 23 

6-8 

! I2‘2 1 
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Fritillaria imperiaUs 

Eloni^ation of one 
internode during 
each period of 34 
nours 

Mean temperature 

Date. 

rnm. 

Cent. 

^^arch 24 

9'3 

+ 13 -4 

„ 25 

I 3‘4 

139 

,, 26 

12-2 

14’6 

1 27 

85 

150 

„ 28 

10*6 

J 43 

; „ 29 

10-3 

12*4 

i ,, 30 

6*3 

120 

I M 31 

47 

1 1 '2 

i April I 

5-8 

107 

1 n 2 

4.4 

10*2 

i - 3 

3-8 

9 4 

j n 4 

20 

10*6 

i n 5 

12 

107 

! „ 6 

07 

1 1 0 

M 7 1 

0*0 

1 1 0 


Here a few irregularities occur due to variations 
in the quantity of water in the ground. 

The same changes are shown more rapidly, accord- 
ing to Sachs, in an internode of Hunmkis Lupulus* 


llaie 

Klongntion in ?4 hrs. 

Mean temjtcrature 


uint. 

Cent. 

April 22 

i 19 0 

f 147° 

23 

1 250 

i i4'5 

„ 24 

; 26 0 

I M'3 

25 

I 7 '2 

= bV9 

„ 26 

4-8 

141 


When transverse lines arc placed at equal di.stances 
a|iart upon a root or internode, it becomes easy to 
observe the rate of increase in length of each of the 

l, K 
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individual parts. By this method it is found that 
close to the growing point the growth is slow, most 
rapid at a little distance from it, then after the maxi- 
mum is passed, the increase in the length of the parts 
is slow. This is shown in the following tables from 
Sachs : 


Phaseolus multiflorus. First inter- i| 
node divided into i 2 portions, each Ji 
3 5 mm. long, No. i being the apex, ij 


No. of Zone 

1 

(irowth in i 
40 hours 

1 (apex) 

mill. 1 
2 0 ; 

2 

2 ’5 , 

3 1 

4*5 

4 (maxinuim) 

6-5 

5 

i S'5 

6 

30 

7 

; 1*8 

8 

I 0 

9 

i 1*0 

10 

0-5 

It 

05 

12 (base) 

0*5 


Root of Vicia Faba. divided j 

into lo portions j cacK i mm. | 

long, No. I bemg the apex. ; 

I 


No. of Zone 

Growth in 24 j 
hours j 


mm. j 

10 (base) 

0*1 

9 I 

0*2 

8 j 

0*3 


0*5 

6 ! 

1-3 

5 

1*6 

4 

3*5 

3 (maximum) 

8*2 

2 

5 ‘8 

I (apex) 

i’S 


A comparison of these figures shows that the zone 
of maximum growth in the stem is further from the 
apex than in the root. 

The grand period of growth is not limited to roots, 
stems, and leaves, but is equally applicable to the cell 
itself, to hairs and to the thallus, whether unicellular or 
multicellular. 

In addition to the grand period of growtli just 
described, there is a daily periodicity of growth in 
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length, due to the alternations of light and darkness, the 
increase and diminution of temperature, &c. The mean 
growth during the day is greater than that during the 
night, llie mean growth is also quicker during the 
afternoon than during the forenoon. The amount of 
light in forenoon and afternoon is about the same, 
but the temperature is higher in the afternoon, thus 
the increase in temperature overcomes the retarding 
influence of the light. 



Total growth 
taken as too 

Afternoon growth 
taken as loo 

Name i 

. . . i 

Day. 

J2 nrs. 

Night 
12 hrs. 

Foren. 

6 hrs. 

Aftii. 

6 hrs. 

j Bryonia 
[ Wistaria 

p. c. 
59-0 

p.C. 

41*0 

p. C. 
86 - 

lOO 

57-8 

42-2 

7:- 

100 

i Vitis .... 

55 -‘ 

44*9 

67* 

j 100 

i Cucurhita 

567 

43*3 

79 * 

100 

! Cucurbita 

1 

57-2 1 

42*8 

1 8r j 

100 i 


From observations made on the growth of plants 
under constant external conditions, it is evident that 
the daily periodicity of growth is wholly due to external 
conditions. 

Influence of External Conditions on Growth.— 

Growing parts must have abundance of water supplied 
and also require heat and light. Further, growing 
parts are much influenced by gravitation. The action 
of heat on growing parts is quite similar to that already 
described in treating generally of the influence of tem- 
perature, viz. that there is a minimum, optimum, and 
maximum. This can be easily observed in the deve- 
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lopment of the radicle of germinating seeds, as given 
by Koeppen and Sachs. The seeds of Lupinus albus, 
Fisnm sativum, and Zea Mais were kept at a constant 
temperature for forty-eight hours, in eight se})arate 
experiments, with the following results : 


'lenipera* 

turc 

1 

Lupinus 

albus j 

Pkum 

sativum 

Zee Mais 

Cent. 

inni. 

mm. 

mm. 

+ 14'I° 

9*1 

5-0 

0*0 

1 8*0 

11 *6 

8-3 

1 *1 

23*5 

Si’O 

300 

10*8 

26*6 

54*1 (optim.) ; 

53*9 (optim.) 

29*6 

28*5 

50*1 

40-4 

26*5 

30*2 

43 ’8 ; 

385 

64*6 

33’5 

142 

23-0 

69*5 (optim.) 

36-5 

12*6 

87 

i 20*7 


Light exercises a retarding influence on growth. 
T]\\s can be readily seen in parts of plants grown in 
a dark cellar, or plants grown in rather dark rooms. 
Potato stems grown in a dark cellar are elongated and 
blanched. ,The leaves are very small and are yellow 
not green- Plants not properly lighted, such as those 
standing near a window, exhibit most markedly the 
retarding influence of light. This effect of light is 
often masked by the increased rate of assimilation 
which light also produces. Thus in an internodc in 
darkness, great elongation occurs, in conseejuence of 
the active growth of the pith not being retarded by 
tlie development of wood, bast, and the cudcular layer 
of the epidermis. The longitudinal tension here comes 
mto play, and the parts become abnormal. If exposed 
to light, the cuticle of the epidermis rapidly fc^s, 
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wood and bast are developed at the expense of the 
assimilated matter, and growth is slow. In the case 
of leaves developed in darkness, the effect of assi- 
milation is noticeable. The leaf grows at the expense 
of the substance it assimilates ; but in darkness it 
cannot assimilate, as it has formed no chlorophyll 
and could not use it if it had. Hence the leaf 
remains small, not from the retarding influence of 
light, but from the absence of assimilation. The re- 
tarding action of light is the cause of the bending of 
half illuminated parts. The side of an organ away 
from the source of light, receiving less light than tliat 
turned towards it, has its growth retarded. The conse- 
quence of this is that the part bends towards the light. 
This bending of grown‘ng parts towards the light is 
known as Positive Heliotropism. Most organs of 
plants are positively heliotropic. Leaf-stalks always 
bend towards the source of light. Most stems do the 
same. Plants containing no chlorophyll also exhibit 
positive heliotropism, as the sporangia of Mucor, and 
the sporocar}>s of Claviceps purpurea. Some organs are 
negatively helio tropic, or bend away from the light, 
the convex side of the stem or zone of greatest growth 
being towards the light, instead of tlie concave side. 
The tendrils of Ampelopsis and Vitis are negatively 
heliotropic. I'he older intemodes of ivy are negatively, 
the younger internodes positively heliotropic. The 
aerial roots of orchids and aroids are all negatively 
heliotropic. There seem to be therefore tw'O kinds of 
negatively heliotropic organs : ist, those in which the 
action is seen in the zone of maximum growth, and 
and, those (as in the ivy) in which the action is 
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only shown in the older parts. The curving of helio- 
tropic parts is slight at first, then it attains a maximum 
and at length rapidly diminishes. 

The most refrangible rays of the spectrum are those 
diiefly concerned in influencing growth. This can be 
shown by growing plants under double glasses, one con- 
taining a solution of potassium bichromate, the other 
of ammoniacal oxide of cojiper. The former permits 
all tlie rays from the red to the middle of the green 
to pass, the latter only the blue and violet. Under the 
influence of the blue rays heliotropism is strongly 
marked and the growth in length of the internodes is 
retarded. 

Gravitation also exercises a powerful influence on 
growth. The stem and root are thus influenced, the 
two parts being often called the ascending and 
descending axis, because the former grows erect in 
the direction of the plumb-line, the latter grows 
downwards into the soil. The lateral parts of the 
stem, branches and leaves, are also influenced by 
gravity, while the lateral rootlets do not seem to be. 
When a growing stem and growing root are placed 
horizontally the growing end of the stem bends, the 
undersurface becoming convex, the upper concave. 
This causes the free end of the stem to grow upwards. 
In the root the reverse takes place, the upper surface 
becomes convex, the lower concave, and thus the apex 
of the root is directed downwards. The influence of 
gravitation on growing parts is called Geotropism. 
The main root with the concave side of the bent por. 
tion dowmwards is positively geotropic, the stem with 
the concave side upwards is negatively geotropic. 
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Many stems, as rhizomes, are like most main roots posi- 
tively geotropic. Presence or absence of chlorophyll 
does not affect geotropic parts. Main roots shoving 
positive geotropism may be either positively or nega- 
tively heliotropic. The aerial roots of aroids and 
orchids are negatively heliotropic, but are not much, if 
at all, influenced by geotropism. The action of geotro- 
pism may be overcome by certain external influences. 
Thus when seeds are allowed to germinate in a zinc 
sieve filled with sawdust, the main rootlets are at first 
positively geotropic, but soon passing through the 
net-work into the dry air below they cease to he geo- 
tropic, and return to the moist saw-dust. That gravi- 
tation is the cause of geotropism may be shown by 
the action of centrifugal force on growing embryo 
plants. When such plants are placed on wheels rota- 
ting with sufficient velocity, the rootlets follow the 
centrifugal force and grow downwards and outwards, 
while the stem grows in the opposite direction, up- 
wards and inwards. By using wheels rotating with 
different sj)eeds, different directions, depending on 
tlie relation between gravitation and centrifugal force, 
may be given to the roots and stems. The cause 
of geotropism is evidently the unequal growth of 
the cells on the upper and under side of the stem or 
root, but the cause of this inequality is as yet un- 
explained. The bending occurs only in the growing 
part, and at the part growing most rapidly in length. 
A peailiar form of geotropism is seen in the nodes of 
the stems of grasses. When the stem remains vertical 
no growth takes place at the nodes, but when placed 
horizontally or inclined, then unequal growth takes 
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place in the intemode, and by growth on the underside, 
or negative geotropisni, the stem again becomes erect 
It is in this way that wheat recovers its erect position 
after having been laid by a storm. 

Bilaterality of Growing Parts.— (Growing parts 
generally exhibit an inequality in the amount of 
growth at different parts of their length or circum- 
ference. In some cases the unequal growth is not due 
to the influence of any external condition, but depends 
wholly on internal causes. Thus the leaves of plants 
grow' more rapidly at first on the under than on the 
upper side ; hence the leaves bend over, and form the 
bud covering the apex of the stem. Subsequently the 
upper side grows more rapidly, and the leaf bends in 
an opposite direction, the bud unfolding. Parts 
growing more rapidly on the upper side are called 
epinastic ; on the under side, hy])onastic. The part 
is therefore bilateral, and exhibits movements as a 
consetpience of the unequal growth, these movements 
being distinguished as movements of nutation. The 
nutations are spontaneous or automatic when due 
entirely to internal causes, as in the opening of leaves 
and the movements of twdning stems. 

In other cases the nutations are due to the action 
of external causes on grow'th. Such nutations are 
called paratonic or kinetic, as the movements of ten- 
drils and the periodic movements of foliage and floral 
leaves. Nutation invariably ceases as .soon as the part 
is full grow'n. Simple nutations in one plane, the re- 
sult of epi nasty and hyponasty, are seen in the leaves 
in the bud and in floral leaves. Most floral leaves 
are at first hyponastic, then epinastic In Dictamnus 
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Fraxinella the filaments of the stamens with unopened 
anthers are bent downwards by epinasty ; those that 
have discharged their ])ollen are bent upwards by 
hyponasty. The plumule of dicotyledons generally 
behaves in the same way, the apex being at first bent 
downwards by epinasty, then becoming erect. Re- 
volving nutation is produced by the successive growth 
of all parts of the organ. The result of this is that the 
a])ex of the part revolves in a spiral manner. Twin- 
ing plants exhibit revolving nutation. The direction 
of the growth, and therefore of the rotation, may be 
from right to left or from left to right. The revolving 
nutation goes on until the part finds some solid sup- 
port, when immediately it begins to twine round the 
support, at first in a loose coil, but afterwards with a 
tight grasp. The revolving end of the stem has com- 
paratively small leaves, and long intemodes. The first 
intemodes of embryo-plants, and the lateral shoots of 
twnning })lants do not exhibit revolving nutation. 
Most twhning plants twine to the left, that is, in the 
contrary direction to the movement of the sun or the 
hands of a watch. As examples we may take Aris- 
tolochia, Convolvulus, Fhaseolus. Those that twine 
to the right, or follow the movements of the sun, are 
hop, biyony, and honeysuckle. Rarely the direction 
of the movement varies in the same plant, as in Loasa 
aurantiaca, or varies in different individuals of the 
same species as in Solanum Dulcamara, some twining 
towards the right, others towards the left Torsion 
occurs during revolving nutation, the stem becoming 
twisted in the direction of the nutation. The number 
of twists does not however correspond with the number 
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of revolutions of nutation. The activity of the nuta- 
tions depends on the energy of the growth of the 
part, and varies in different plants. Darwin gives 
the following table of the time required for one revo- 
lution, under favourable circumstances, in different 
])lants : — 


Scyphanthus elegans . 

. I hour, 

17 minutes. 

Akebia quinata . 

• 1 

30 

Convolvolus sepium . 

' ^ >» 

42 

Phascolus vulgaris 

• ^ >> 

55 

Adhatoda . 

. 48 M 


Tendrils also exhibit revolving nutation, but differ- 
ing from that of twining stems. It is immaterial 
which part of a twining stem conies into contact with 
a solid support ; but in a tendril only one side, the 
lower or posterior, is capable of becoming concave 
when brought into contact with a solid body. The 
movements of tendrils are |)rodiiced by revolving 
nutation when they have grown about three quarters 
of their full length. If the tendril comes into con- 
tact with a solid support during its revolving nutation, 
then a new movement of nutvition is produced, due 
to the stimulus received from contact with that sup- 
port. As a consequence of this stimulus, the free end 
of the tendril twines tightly round the support. But 
the influence of the stimulus caused by pressure on 
the solid support is carried down to that part of the 
tendril below tlie support Here twisting also occurs, 
but in the direction opposite to that of the upper part, 
a neutral zont remaining in the middle. By this ac- 
tion the stem is drawn tightly up to the solid support. 
Tendrils that have failed to reach a support, either 
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form a loose single spiral (without any neutral zone) 
or wither and fall off. Most tendrils are metamor- 
phosed stems — vine, Ampelopsis, passion flower and 
Cucurbita. In other cases they are modified leaves 
or parts of leaves, as in Lathyrus aphaca (entire la- 
mina) ; Pisum (parts of compound leaf) ; Tropaeolum 
and Clematis (petioles). Ampelopsis has peculiar 
negatively heliotropic tendrils, with discs at the end. 

Torsion, or the turning of an organ on its own 
axis of growth, occurs not unfrequently in other parts, 
besides twining stems and tendrils. It is well seen in 
the leaves of Alstroemeria. 'torsion is of two kinds, 
one occurring in erect i)arts, the other in those placed 
horizontally or obliquely. In the former the cause of 
torsion is internal, depending chiefly on the unequal 
growth of the inner and outer tissues, while in the 
latter the weight of the parts, geotropism or heliotro- 
pism, or external conditions are the exciting causes. 

Periodic movements of nutation are seen in many 
growing foliage and floral leaves. These depend on 
the unequal growth caused by changes in external 
conditions during day and night, the increase or 
diminution of light and heat, and invariably cease 
when the parts are full grown. Some are epinas- 
tic when exposed to light and heat, hyponastic 
during the night. In others the reverse takes i)Iace j 
hence in some plants the parts are open during 
the day, in others they are oi>en during the night 
Thus the foliage leaves of Chenopodium, Stellaria, 
Linum and Brassica rise during the night by excessive 
growth on the under side, while in Impatiens, Poly- 
gonum and Convolvulus the leaves fall during the 
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night by growth on the upper side. Floral leaves 
generally open during the day by epinasty, and close 
at night by hyponasty. The movements of these parts 
depend on the long continued growth of a small zone 
near the base of the part, rarely near the middle. The 
extent of the movement as well as the degree of sen- 
sibility varies in different plants. The flowers of Col- 
chicum autumnale, Crocus, Tiilipa, and Ornithogalum 
all exhibit great sensibility to an increase or diminu- 
tion of light or heat. 


CHAPTER VII. 

MOVEMENTS OF VARIATION IN PLANTS. 

Leaves, or parts of modified leaves, when full grown, 
sometimes exhibit remarkable movements which have 
been called by Pfeifer movements of variation. They 
do not begin until after movements of nutation have 
ceased, and they are in no way connected with un- 
equal growth of the parts. They are met with in the 
foliage leaves of the sensitive plants and others, the 
labellum of Megaclinum, the stamens of Berberidacese 
and ligulate Composite, the gynostemium of Sty- 
lidium, and the stigma of Mimulus, and others. In 
all these cases the hinge-like or movable portion has 
a special structure, having one or more soft thin fibro- 
vascular bundles surrounded by a very succulent 
parenchyma with large air-spaces in the neighbourhood 
of the bundles. Sometimes this mass of tissue projects 
externally, fonning the large ‘ pulvinus * Mimosat 
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The tension of the layers of tissue is very great, owing 
to the great turgidity of the succulent parenchyma and 
the elasticity of the fibro-vascular bundle and epidermis. 
These movements of variation are like those of nuta- 
tion, either spontaneous or paratonic. The former 
depend on internal conditions, the latter are due to 
stimulus by certain external agents, as light, heat, or 
mechanical irritation. In some plants both sponta- 
neous and paratonic movements occur together. 

Movements of variation due to irritation ami com 
cussion , — Such paratonic movements are seen in the 
leaves of Mimosa, Acacia, Robinia, Oxalis, and Dio- 
naea, the tentacles on the leaves of Drosera, the sta- 
mens of Centaurea, Cynara, Carduus, Onoporclum, 
Cichorium, and Hieracium, Berberis and Mahonia, the 
gynostemium of Stylidium, the stigma of Goldfussia, 
Martynia, and Mimulus, the full-grown parts moving 
when a stimulus more or less slight is applied. Such 
movements have been described as vegetable irritabi- 
lity. In all these plants the movement depends on the 
presence of a mass of turgescent parenchyma on one 
side, or surrounding the movable part. When a 
stimulus is applied a ])ortion of the water esa^i)es from 
the cell cavity into the intercellular air-spaces, and as 
a consequence, the elastic cell-walls contract from a 
diminution of the turgescence. As the volume of the 
tissue diminishes on the one side, while on the other it 
remains the same, one side of the leaf becomes con- 
cave and shorter, the other convex. If the underside 
become concave, the leaf falls down, as in Mimosa ; if 
the concave side is upwards the leaflet folds up, as 
those of Mimosa, or the whole leaf of Dionsea. In 
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the stamens of Conipositse the irritable tissne occurs 
all round the filament. Some time after the stimulus 
is applied and the parts have folded up or down, the 
tissue again becomes turgescent by taking up water 
and the parts return to their nomial irritable condition. 
The influence of the impression of the stimulus is 
propagated from one part to another, as seen in Mi- 
mosa, where if a leaflet be irritated, the whole leaf 
gradually closes. This is due to the change in the 
amount of water in the part irritated, and the conse- 
quent reaction on the neighbouring part due to the 
loss. 

Spofita neons nm^ements of variation . — These occur 
in the lateral leaflets of Hedysarum gyrans. The leaf- 
lets rotate in darkness as well as in light if only the 
temperature be high enough, completing one revolution 
in from two to five minutes, when the temperature 
is above +22® Cent. Spontaneous movements also 
occur in Mimosa, Trifolium, and Oxalis when kept in 
darkness. Under ordinary circumstances the sponta- 
neous movements in these plants are obscured by 
movements due to the action of light. Rapid changes 
in turgescence of the cells are undoubtedly the causes 
of these spontaneous movements. 

Many leaves exhibit movements of variation due 
to changes in light and temperature. Such move- 
ments are periodic, and occur not only in irritable 
leaves, as in Mimosa and Oxalis, but also in plants not 
irritable to mechanical stimuli, as Marsilea. When the 
light and beat diminish, the leaves fold and assume 
the nocturnal position — the sleeping of plants ; while 
during the day tlie leaves expand and assume the 
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diurnal position — the waking of plants. The position 
assumed by tlie leaves varies ; thus in Trifolium the 
leaflets fold up in the nocturnal position, while in 
Oxalis they fold down. The degree of sensibility 
varies very much, in some plants mere shade causes 
movement. These movements are due to changes in 
the turgidity of the cells, consequent upon the move- 
ment of water in the plant, and the variations caused 
by differences of temperature. 

Parts exhibiting movements of variation may, 
under certain conditions, lose the power of motion 
for a longer or shorter time without being killed. 
Such stiffening may be due to extremes of cold and 
heat, to drought, and to the influence of various 
chemical agents. When the temperature is below 
+ 15° Cent the plants are in a state of cold stiffen- 
ing. At a temperature above +40” Cent., heat stif- 
fening sets in. In Mimosa, stiffening produced by 
drought has been observed. Toxic stiffening also 
occurs. Thus the leaves of Mimosa cease to move in 
the exliausted receiver of an air-pump, owing to the 
deprivation of oxygen; also when placed in a vessel 
containing hydrogen, nitrogen, carbonic acid, or the 
vapour of anaesthetics, as ether or chloroform . Stiffen- 
ing, sometimes permanent, as in Hedysarum, can be 
produced by strong electrical currents. Stiffening may 
also be produced by keeping the plant in darkness for 
some time. The opposite result may be produced by 
keeping the plant exposed to light for a long period, 
when a phototonic condition may be observed ; the 
plant then retains its motile condition for some days, 
even in the dark, but gradually loses the phototonus 
if kept fti darknes.s. 
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CHAPTER VI 11. 

THE RErRODUCTION OF PLANTS. 

Ali. plants possess the power of multiplying them- 
selves. Two distinct modes of reproduction may be 
described, occurring either together or separately. 
Usually, however, plants possess both modes of multi- 
plication. The two modes are distinguished as the non- 
sexual or vegetative reproduction, and the sexual. The 
former is generally called Agarnogenesis, the latter 
Gamogenesis. 

The process of Agarnogenesis consists in the de- 
tachment of single cells, or buds, or branches, natu- 
rally or sometimes artificially, and the production of a 
new individual directly from the detached structure 
without the intervention of any other cells, "i'he pro- 
cess of Gamogenesis is essentially different. Two 
cells must be producetl, both incapable by themselves 
of development beyond a certain stage, but when 
united, when the protoplasm of the one becomes 
mixed with the protopla’Sm of the other, capable of 
fonning an embryo-plant The two cells or masses of 
protoplasm generally differ from each other in sixe 
and appearance. The large mass is the germ or 
female cell, the small often active mass, is the sperm 
or male cell. After the union of die protoplasm of the 
sperm with* the germ-cell, or fertilisation, the fertilised 
germ- cell developes a new plant In a few rare cases, 
and under exceptional conditions, the germ-cell deve- 
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lopes without being fertilised, — the so-called partheno- 
genesis (Ulothrix, Saprolegnia, &c.). 

Agamogenesig or Vegetative Eeprodaction.— In 

the lowest group of plants, the Schizophyta or Proto- 
phyta, &c., the multiplication seems to be wholly by di- 
vision, no process of gamogenesis having as yet been 
discovered. In other groups different forms of non- 
sexual multiplication occur. Thus in many thallophytes, 
division of cells, or the formation of moving swann- 
spores or zoogonidia, occurs. Others produce tetra- 
gonidia, endogonidia, or stylogonidia. Spores of many 
thallophytes, of all bryophytes and pteridophytes are 
non-sexual reproductive organs. In other cases these 
are multicellular, forming buds or gemmae, or special 
structures, such as the soredia detached from the thal- 
lus of the lichen. In flowering plants many buds, 
normal or adventitious, serve to multiply the plants, 
as well as stolons, layers, and cuttings produced either 
naturally or artificially. 

Gamogenesig or Sexual Beproduction.—l his con- 
sists in the union of the two elements, male and female, 
to form a new cell capable of further development. 
The nature and origin, as well as the size and ap- 
pearance, of the two sexual cells differs very much in 
different plants. The simplest form of Gamogenesis 
consists in the union of two cells, similar in all respects, 
to form a new cell. This is called conjugation, and the 
product of the union of the two cells, the zygospore. 
This mode of gamogenesis characterises the class of 
thallophytes called Zygosporeae. The conjugating 
cells are either moving zoospores, or the cells are non* 
podle. In scwne of the Zygospore® s%ht differences ie 
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the appearance of the two conjugating cells become 
observable. In other plants the female, or germ cell, 
is generally very large and non-motile, while the sperm 
cell is small and often locomotive. Usually the germ** 
cell remains as a wall-less mass of protoplasm enclosed 
in a special envelope of variable structure , but so 
formed as to permit the access of the sperm-cell, as it 
is only in a few cases (Fucacese), that the germ-cells 
escape before fertilisation. In some cases the germ- 
cell is surrounded by a wall. The sperm -cells are, in 
the lower plants, moving masses of protoplasm without 
a wall, and are usually furnished with vibratile cilia ; 
rarely (as in Florideic) they are without cilia. In other 
cases (Saprolegniaj), the si)erm-cell is surrounded by a 
wall, and a kind of conjugation takes place between 
the structures containing the sperm and germ-cells. 

In the Phanerogams or seed-bearing plants, the 
germ-cell is usually a naked mass of protO]>lasm placed 
at one end of a large cell, the embryo-sac. The 
embryo-sac is tlie central structure of the ovule or 
young seed. The ovules are contained in a special 
case called the ovary, furnished with a peculiarly de- 
veloped psatf the stigma. The ovary and stigma are 
generally portions of a modified leaf, the carpid, form- 
ing the whole or part of the central structure of the 
flower, called the Gynoecium. The male cells are the 
pollen grains developed in the interior of the anther, 
the upper jx>rtions of a series of modified leaves of the 
flower, outside the gynoecium, and distinguished as the 
Androecium. When the pollen grain is applied to the 
stigma (Pollination) of the carpid (angiosperms or me* 
^pmns), the inner part of the wall developes into a 
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long tube which penetrates down to the ovule and 
reaches the germ-cell or germinal vesicle, thus fertilis- 
ing it In the gymnosperms or archisperms, the pol- 
len cells are applied directly to the nucleus of the 
ovule, and the female reproductive cell consists of a 
special structure called the corpusciile, equivalent to 
the germ or central cell of the archegonium of the Pte- 
ridoj)hyta. 

In most plants gamogenesis and agamogenesis co- 
exist, the latter supplementing the former as it were, 
or sometimes taking its place almost entirely, so that 
some plants rarely produce sexual reproductive organs. 
In other cases gamogenesis and agamogenesis alter- 
nate, — the so-called alternation of generations. 

Infinenoe of Belationship on Sexual Cells. — The 
sexual reproductive cells may be produced close to 
each other on the same plant ; at some distance from 
each other; or on separate plants. Such conditions are 
knowm as hermaphrodite, monoecious, and dioecious. 
When the sexual reproductive cells are produced close 
together in hermaphrodite plants, the close relationship 
of the sexual cells is detrimental to the propagation of 
the si>ecies, at least in most of the higher plants. In 
some cases fertile union does take place between 
closely related cells, but chiefly in the lowest plants. In 
hermaphrodite flowers, where the stamens and carpels 
are developed close together and are therefore nearly 
related, we sometimes find arrangements for facilitating 
the application of the pollen to the stigma of the same 
flower ; but in a great many cases there are elaborate 
contrivances for preventing any such union. Some of 
the mone important causes preventing self-fertilisatitnl 
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may be here enumerated. In flowers with stamens and 
carpels, owing to the acropetal development of the 
parts, the androecium is formed before the gynoeciiim, 
hence the former is slightly older than the latter. 
During development the parts may become equally 
developed, and reach maturity together, or one may 
become mature more rapidly than the other. Herma- 
phrodite flowers, witli the stamens and carpels mature 
together, are called synacrnic; those in which they are 
matured at different times, dichogarnous. In a synac- 
mic flower self-fertilisation may occur, unless there 
is some obstacle to prevent it, or, as in Corydalis cava, 
the pollen is always impotent when it falls directly on 
the stigma of its own flower. In dichogarnous flowers, 
when the stigma is ready to receive pollen, the others 
of the same flowers are either immature, or the pollen 
has already been scattered. Hence there are two 
forms of dichogamy, flowers being Proterandrous when 
the anthers are first mature, Proterogynous when the 
carpels become earliest ripe. Proterandrous flowers 
are met with in many Compositse, in Geranium and 
mallows, as well as in numerous other instances. In 
the mallow the united stamens when mature and ready 
to shed their pollen, form apparently, the central 
structure of tlie flower, hardly any trace of the gynoe- 
cium being observable. After the pollen is scattered^ 
the free part of each filament bends back, and the pro- 
truded stigmas become largely developed and ready to 
receive pollen. In such a case the pollen from a 
young flower is required to fertilise the stigma of an 
older one, while self-fertilisation is impossible. Pro- 
fetCfynous flowers have the gynoecium mature first As 
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examples we may take among many others, the common 
Plantago and Aristolochia Clematitis. If a spike of 
flowers of Plantago lanceolatabe examined at an early 
stage, the stigmas are seen protruding from the un- 
opened flowers at the base of the spike. The stigmas 
protrude in succession from base to apex, and it is not 
until after the stigma has withered, that the perianth 
opens and the stamens are developed. In Plantago 
the pollen of old flowers must be applied to the stigmas 
of younger ones. The same is seen in the Aristolo- 
chia, the stamens being mature after the gynoecium. 

There are often mechanical obstacles preventing 
self-fertilisation, i'hese are often met with in syn- 
acmic flowers, as in the orchids, violets, Iris, and 
others. In orchids the pollen masses are so placed 
that unless removed by some external agent they can- 
not be applied to the stigma at all. In violets the 
anthers form a united ring round the style and open 
outwards, the stigma projecting above the S}'ngenesious 
anthers. In Iris the three stamens are suixrrposed to 
the outer parts of the perianth, the three inner stamens 
being entirely w^anting, hence the three cari>els are su- 
perposed to the stamens, the anthers being hidden 
and covered over by the petaloid styles. The stigma 
is so placed that self-fertilisation is im}X)ssible. In 
all these cases self-fertilisation is prevented by various 
mechanical obstacles. Another contrivance for pre- 
venting self'fertilisation is knowm as Heterostyly, 
the styles and stamens being of different lengths in 
flowers of different plants* Two varieties of hetero- 
styly are distinguished. In the one the stamens and 
styles are of two different lengths, long and short — 



ISO Fhysiokgy of Plmtis, 

the dimorphic condition seen in Primula, Linum, 
and others. In one flower the style is long, Macro* 
stylous, and the stamens are short. In the other flower 
the style is short, Microstylous, while the stamens are 
long. Fertilisation succeeds best when the pollen from 
the long stamen is applied to the long style, from the 
short stamen to the short style. The trimorphic con- 
dition occurs in Lythrum Salicaria, there being styles 
and stamens of three different lengths. The macrosty- 
lous flowers have intermediate and short stamens; the 
mesostylous long and short stamens ; the microstylous, 
long and intermediate stamens. In this case the best 
results are produced when the pollen from a stamen of 
given length is applied to the stigma of the same 
length, as the pollen from the long stamen to the ma- 
crostylous flower. 

In some plants peculiar imperfect self- fertilising 
flowers are jwoduced in addition to the normally de- 
veloped ones. 'I’he imperfect self-fertilising flowers 
are called kleistogamous, and are met with in Oxalis 
Acetosella, Impatiens Noli-me-tangere, many species 
of Viola, &:c. 

Self-fertilisation being the exception, and there 
being so many ways of preventing it in hermaphrodite 
flowers, the question arises how is the pollen applied 
Fertilisation cannot take place unless the pollen be 
applied to the stigma, pollinatiofl being the neces- 
sary antecedent of fertilisation. The chief agents in 
pollination are the following; — ist. The wind. 
Flowers are called Anemophilous w^hen pollination is 
effected by the wind Many dioecious and monoecious 
plants are anemophilous. Thus the hazel and pne, 
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among others, belong to this group. The pollen is 
always produced in quantity ; usually it is rounded, 
and never spiny or sticky. The flowers are some- 
times produced before the leaves (hazel), or situated 
at the ends of the shoots (pine), to facilitate fertilisa- 
tion. The pollen of the pine causes the so-called 
sulphur showers in the neighbourhood of pine forests, 
2nd, Birds, Flowers which are fertilised through 
the agency of birds are called Ornithophilous. The 
humming-birds of America, in seeking the nectar of 
flowers, act as agents for scattering the pollen. No or- 
nithophiious flowers seem to be natives of Europe. 3rd. 
Smils occasionally carry the pollen, having been ob- 
served by Delpino to scatter the pollen in a sj>ecies 
of Arum. 4th. Insects are the most common agents 
in pollination : flowers thus fertilised are said to be Kn- 
tomophilous. The insects belong to different orders. 
Many I>epidoptera, both butterflies and moths, are 
em])loyed, being attracted by the colour, odour, and 
nectar of the flowers. Bright-coloured flowers (as 
Dianthus) are generally fertilised by the diurnal lx‘}>id- 
optera or butterflies. Pale-coloured scented flowers 
(honeysuckle), by the nocturnal Ixipidoptera or moths, 
I'he flowers of orchids are usually pollinated by moths, 
sometimes by wasps. Hymenoptera, as bees and 
wasps also help in this process. Bees are probably 
the most important agents in scattering pollen. The 
pollen grains of entomophilous plants are often spiny 
or covered with projections, by which they readily 
adhere to the hairy surface of the bee when it visits 
the flower to abstract the nectar. I'he Diptera, or 
two winged flies, are also employed. The carrion 
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flowers, and others having the odour or appearance 
of putrid flesh, are visited by flesh-flies. Many other 
Diptera fertilise flowers. A good example is af- 
forded by Aristolochia Clematitis. The fiowei's are 
proterogynous, the androecium and gynoecium arc 
united, and in addition there are mechanical obstacles 
sufficient to prevent self- fertilisation. The periabth 
is tubular, and before fertilisation is erect. In tl^^t 
narrow part of the tube hairs are placed pointing 
downwards, and permitting small Diptera to pass 
freely but preventing their return. If the insects have 
brought any ])ollen it is applied to the ripe stigma. 
The stigma now folds up, the anthers open, and the 
insect receives a new supply of pollen. The hairs in 
the tube next wither, and the insect escapes to visit 
and fertilise another flower. After fertilisation the 
perianth bends down and the upper part folds, so as to 
close the opening and prevent insects visiting flowers 
already fertilised. 

Innumerable modifications in the method of fertili- 
sation occuf, the above being only a very brief outline. 

Hybrids. — From the modes by which ])ollination 
is effected in plants it is evident that not unfrequently 
foreign pollen will be applied to the stigma of a flower 
as w^ell as pollen of plants of the same species. Pollen 
of different species may also be artificially applied ; 
when perfect seeds are obtained by the application 
of pollen from one species to the stigma of another 
species of the same genus, the plants raised from tliese 
seeds are hybrids, with characters more or less in- 
termediate between those of the two parents. Rarely 
hybrids are obtained between plants of different, but 
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closely related genera, Tliese are called Bigeners. 
Between two species of the same genus, hybrids 
proper are produced ; while between two varieties of 
the same species, we have the production of crosses. 
Plants not related systematically do not hybridise. In 
some natural families hybrids are easily produced 
even naturally, in others only with extreme difliculty. 
When plants hybridise they are said to possess sexual 
affinity. Every degree of sexual affinity exists, from 
complete indifference or absence of sexual affinity, to 
the most marked and easy production of hybrids, 
Some species of a genus possess marked sexual affi- 
nity, others of the same genus possess none. The 
same is even true of different varieties of one species. 
In writing the name of a hybrid it is usual to place 
the name of the pollen-yielding parent first. Thus 
Digitalis purpureo-lutea signifies a hybrid form, the 
ovules of D. lutea having been fertilised by the ])ollen 
of 1). purpurea. It is generally possible to produce 
the reciprocal hybrid \ that is, we may either have I), 
purpureo-lutea or D. luteo-purpurea. The characters 
of the tv\^o forms are not necessarily identical, one 
being often more variable, or having some special 
peculiarity, while in a few cases it has been found im- 
possible to produce the reciprocal hybrid. Mixed 
pollen may be applied, when that having the greatest 
sexual affinity will fertilise the ovule, the pollen of the 
same species having of course the preference. When 
pollen of a different species is first applied, and then 
pollen of the same species, a hybrid will not be formed 
if the interval between the appliaition.s be short, but 
hybridisation cannot be prevented under such circum* 
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stances in Nicotiana in two hours, in Malva and 
Hibiscus in three hours, and in Dianthus in five or 
six hours. Combined hybrids may be produced when 
hybrids are fertilised by the pollen of another hybrid 
or another s])ecies. When the hybrid form is ferti- 
lised by the pollen of one or other of the parents, the 
offspring returns to the i^arent form in a few genera- 
tions. Hybrids occur naturally, but the artificial ones 
fonned by the art of the gardener, are of the greatest 
interest, as many of our most useful and beautiful 
plants have been thus produced. 


CHAPTER IX. 

'j'HE CLASSES OF THE VEGETABLE KINGDOM. 

'Phe Study of the general mor])hology and physiology 
of plants is a necessary introduction to the study of 
the mode in which plants are classified. The object 
of the botanist is to obtain a moq)hological classifica- 
tion, one in accordance with natural affinities, one that 
will express the blood relationships existing between 
the different plants classified. Classification is thus 
a branch of mor|)hology, and cannot be studied apart 
from it. The structure and construction of the various 
parts of plants, and the physiological changes parts 
undergo during development, must be studied before 
a morphological classification can be attempted. By 
a careful comparison of the structure of the nutritive 
and reproductive organs of plants, by the examination 
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of the alternation of generations, such a special know- 
ledge of the morphology of the plant is obtained, that 
by comparison with others, its relative position in the 
scheme of classification can be ascertained. Owing to 
the numerous gaps in our knowledge of the special 
morphology of plants, constant changes are liable to 
be made in the arrangements of the larger and smaller 
divisions; hence every classification, or modification of 
it, is not to be considered as final, but merely as repre- 
senting the state of knowledge at the time of its pub- 
lication. 

Taking the Vegetable Kingdom as a whole, it can 
be subdivided into more and more special groups. 
The larger groups include all plants having certain 
great characters in common, while the smaller gi‘ou])s 
include those that are separated from the larger groups 
by having some si)ecial peculiarity in addition to the 
general character of the large group. We may take 
the following groups intermediate between the ‘ king- 
dom ’ including all plants, and the ‘ species ’ or unit, 
which is the ideal aggregate of individual plants i)os- 
sessing some common constant character, by which 
they can be sei)arated from somewhat similar forms. 
The characters of species, however, are not all con- 
stant, hence certain modifications are distinguished as 
varieties. The following tabular view of the different 
divisions may be taken as representing the subordina- 
tion of groups from the highest to the lowest ; — King- 
dom, Sub-Kingdom, Class, Order, Family, Genus, 
Species, Variety. 

It is often necessary to subdivide still further, 
hence we have Sub-classes, Sub-orders, Sub-families, 
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Sub-genera, Sub-species, and Sub-varieties, as well as 
others adopted merely for convenience. 

The Vegetable Kingdom may be divided into the 
following Sub-kingdoms. 

I. Thallophyta. — Plants of very simple construc- 
tion, often unicellular, never possessing true roots or 
fibro-vascular bundles, and without any separation 
into stem and leaf, equivalent to such parts in the 
higher plants. The reproduction is very varied, and 
frequently there is no alternation of generations. 

JI. Bryophyta. — Plants usually having stem and 
leaf, rarely consisting of a thallus, never having true 
roots or fibro-^'ascular bundles, developed either 
directly or more usually indirectly, from the spore, 
and bearing the sexual reproductive organs. From 
the fertilised germinal cell is developed a special 
structure (the second generation), the sporogonium, 
containing the spores. 

III. Pteridophyta. — The spore developes a small 
prothallium, a thallus-like structure, bearing the sexual 
reproductive organs (first generation). From the 
fertilised germinal cell is developed the second ge- 
neration, a spore-bearing plant, with stem, leaves, and 
tnie roots, having these parts pemieated by fibro- 
vascular bundles. 

IV, Phanerogaxnia. — ^^fhe ]>lanfrs possess roots, 
stems and leaves, permeated by fibro-vascular bundles, 
and develope ovules in a special i)art of the flower. 
These ovules, when they have arrived at maturity, after 
the fertilisation of the germinal cell in the embryo-sac, 
become the seeds, containing a more or less developed 
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embryo, which by germination grows and forms a 
new plant 

It will be seen from the above that the [thallo- 
phytes and bryophytes contain no fibro-vasciilar 
bundles and have no roots, while the pteridophytes 
and phanerogams have both. The thallophytes do 
not possess stems and leaves, while the others do. 
lastly, the phanerogams alone produce seeds. 

These Sub-kingdoms can be still further sub- 
divided into classes, having the following characters. 

I, Thallophyta. 

Class I . Schizophyta or Protophyta , — Plants having 
no sexual rei)roductive organs ; as yet only vegetative 
multipHcation, by division of the cells into equal or 
unequal portions, being known to exist. This class 
is quite provisional, and includes forms both with and 
without chlorophyll, which were formerly considered 
to be either Algae or Fungi. 

Class 2. Zygosporea \ — Plants with or without chlo- 
rophyll and varying in construction. The sexual 
reproduction consists in the union of two (rarely of 
many) similar or nearly similar cells (conjugation) ; 
these cells being either locomotive or non-motile. 
The product of conjugation is a zygospore or the 
plasmodium. After a period of rest, the zygospore 
dev elopes motile or non-motile cells, or directly 
developes a new plant. The' plasmodium developes 
sporocarps and spores. 

Class 3. Oosporecc , — Plants with or without chlo- 
rophyll, and of variable construction. The female 
reproductive organ is the CK)gonium, the male the 
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antheridium. The antheridium either developes free 
moving spermatozoids, or a projection of the anthe- 
ridium becoming attached to the oogonium, fertilises 
the one or more oospheres in the interior of the 
oogonium, or the oospheres are fertilised by the moving 
spermatozoids when inside, or after they have escaped 
from, the oogonium. The fertilised oosphere (the 
oos})ore) either developes moving spores or else 
directly forms a new })lant. 

Class 4, Carposporete . — Plants with or without chlo- 
rophyll, varying in construction, and developing, partly 
from the parent plant and partly from the female re- 
productive organ, after fertilisation, a more or less de- 
veloped sporocarp, by which the s];ore or spores are 
produced. 

II. Bryophyta. 

Class 5 . HepaticiT. — Usually the spore developes 
directly a plant consisting of a thallus, thallus-like 
stem, with imperfect scale-like leaves, or a bilateral 
thin stem, with two rows of leaves without midribs, 
and consisting of a single cell-surface. Rarely a third 
row of small scale-like leaves is developed on the 
under side of the stem. The thallus, thallus-like stem 
or normal axis, developes the reproductive organs, an- 
theridia and archegonia. The central cell of the latter 
after fertilisation forms the sporogonium, containing 
the spores, usually with elaters in addition, and rarely 
containing a columella, I'he sporogonium opens in 
different ways, regularly or irregularly, and when ripe 
breaks through the wall of the archegonium, which 
often forms a sheath-like structure surrounding the 
stalk bearing the spore case. 



Pteridophyta. 159 

Class 6. Mmci . — The s|X)re developes a filamentous 
thallus or protonema, developing one or many buds; 
from these buds the leafy axis of the moss arises, a fila- 
mentous, rarely bilateral, stem bearing leaves, usually 
with a midrib. The reproductive organs, antheridia 
and archegonia, are developed at the apex, or on side 
branches, of the stem. The fertilised central cell of 
the archegoniura forms the sporogonium, containing 
the sj>ores, with a central columella, 'i he wall of the 
archegonium is carried up on the sporogonium, and 
fonns the calyj)tra. 'I'he sporogonium usually opens 
by a lid, and often has a complex structure. 

III. Pteridophyta. 

Class 7. Filicina\ — Plants with stem, leaves and 
roots. Stem usually unbranched ; with a few leaves large 
and usually branched. The sporangia are developed 
on the underside, on the margins, or in the interior OJ 
ordinary or specially modified leaves or parts of leave.s, 
not limited to special regions of the stem. The spores 
are either of one kind only, or there are two kinds, 
microspores and macrospores, in micro* and macro- 
sjx>rangia. 

Class 8. Eqtimthue, — Plants with a much branched 
stem, usually in whorls ; with numerous small sheath- 
like toothed leaves; the roots monopodially branched. 
The sporangia developed in a cluster on the under 
side of stalked shield-like leaves, arranged in alterna- 
ting whorls, and forming a compact spike or cone- 
like structure at the end of ordinary (green) or spe- 
dal {brown) stems. The spores are of one kind and 
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furnished with special hygroscopic enters, formed by 
splitting of an extra wall outside the exosporium. 

Class 9. Lycopodime ., — Stem and root dichoto- 
raously branched, usually with a number of small leaves. 
The sporangia are developed singly at the base or in 
the axil of ordinary or special leaves, usually limited to 
the upper part of the axis. The spores are either of 
one kind or two kinds, micro- and macrospores, and 
. developed in micro- and macrosporangia. 

. IV. Phanerogramia. 

A. ARCHISPERMS OR GYMNOSPERMS. 

Class 10. Archispermia or Gymnospermta , — Ovules 
not enclosed in a special case, the ovary. The pollen 
grains are multicellular, and are applied directly to the 
aj)ex of the nucleus of the ovule on i)ollination. The 
embryo-sac is filled with endos})erm (prothallus) before 
fertilisation, and contains at the apex archegonia 
(corpuscules), developing the germinal cells after fer- 
tilisation. 


B, METASPERMS OR ANGIOSPERMS. 

Ovules enclosed in a special case, the ovary. The 
pollen grains are unicellular, and are applied to the 
stigma on pollination, each sending a pollen-tube down 
to the ovules contained in the ovary. The endosperm 
forms in the embr>^o-sac after fertilisation. The ger- 
minal vesicle, at the upper end of the embryo- sac, 
developes after fertilisation directly into the embryo 
and suspensor. 

Class II. Momcotykdonts,-^^xs^r^o with one co- 
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tyledon. Seed, usually with copious endosperm, rarely 
wanting or replaced by perisperm. Main -root usually 
ceasing to grow ailer germination, and replaced by 
lateral rootlets. Stem with sepaiate closed fibro-vas- 
cular bundles scattered in the ground-tissue. Leaves 
rarely branched with reticulated veins, usually simple 
with parallel veins. Flowers typically pentacyclic 
trimerous ; generally with the outer and inner whorls 
of the perianth similar and petaloid. 

Class 12. Dicotylcdones . — Embryo with two coty- 
ledons, rarely with one or none. Seed often without 
endosperm. Main-root usually develoj)ing greatly 
after germination ; the cotyledons either remaining 
below or coming above ground and then developing 
chlorophyll. Stem usually with separate open fibro • 
vascular bundles arranged in a ring in the ground 
tissue ; in many cases with a cambium ring develop- 
ing new wood and bast on the inside and outside, and 
thus giving rise to circumferential growth. Leaves 
rarely sessile, often branched with reticulated vena- 
tion. Flowers typically tetracyclic pentamerous ; the 
perianth in two whorls, the outer forming the green 
calyx, the inner the corolla; often, however, the 
perianth is wanting, or consists of a single whorl. 
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